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The most probable reactor core neutron velocity was determined by 
analysis of data obtained from single crystals of copper and lithium 
fluoride. Derivation of the relationship between the maximum in experi-
mental count rate and the most probable velocity, an error analysis of 
the method, and the computer routine are given for the method used to 
obtain the most probable velocity. The most probable velocity was used 
to index the maxwellian distributions from polycrystalline materials. 
Investigations were done with white neutron radiation of various 
silicon steel samples of different preferred orientation. A method is 
described by which the preferred orientation of samples may be easily 
determined. This method involves analysis of maxwellian distributions 
and rocking crystal curves for various important sample directions, e.g., 
rolling direction, rolling direction+ 45°, and cross rolling direction. 
A computer program is given which will determine the full width at 
half maximum for a rocking crystal curve and a method to relate this to 
the grain distribution about a mean orientation. 
If sufficient data points are taken, pole figures can easily be 
constructed for orientations of any type. The amount of data necessary 
is inversely proportional to the degree of preferred orientation of the 
sample, that is, a fairly random will require more data to specify its 
orientation than a highly oriented sample. 
The effects of the stacking of sheets of samples was investigated. 
It was found that it is feasible to determine the average orientation 
of large numbers of thin sheets of silicon steel by investigation of 
the samples as a stack. 
The method used has several advantages over x-ray methods. Some 
of these are: samples of greater thicknesses can be investigated, a 
larger portion of the sample can be examined without oscillating the 
sample, and groups of samples can be investigated at the same time for 
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Neutron diffraction has become a very important tool with which 
the metallurgist can use to investigate crystallographically various 
metals and alloys. Neutron diffraction has a very definite advantage 
over x-ray diffraction in doing preferred orientation studies. The ab-
sorption coefficient for neutrons is much less than for x-rays in most 
metals. With x-rays, the diffraction patterns obtainable are usually 
limited to sample thicknesses of less than 5 mils (reflection patterns 
can be obtained from thicker samples but the diffraction is from the 
surface of the sample). Samples of 500 mils can easily be investigated 
by neutron diffraction techniques. The sample thickness in neutron dif-
fraction is limited by the phenomenon of extinction. 
The purpose of this investigation was multi-fold. The primary ob-
jectives were: 
1. To modify the existing spectrometer into a functional piece 
of equipment. 
2. To prove that low power reactors are capable of supporting 
meaningful research through neutron diffraction. 
3. To determine the reactor neutron spectrum by use of single 
crystals. 
4. To investigate preferred orientation of electric steels. 
5. To devise numerical procedures to facilitate calculations and 
analysis of data. 
2 
I I. REVIEW OF LITERATURE 
A. Neutron Diffraction 
1. Introduction 
The failure of the proton-electron hypothesis opened the 
way for the discovery of the neutron. In 1920 Rutherford (1) 
suggested that an electron and a proton might be so closely com-
bined so as to form a neutral particle, the neutron. The actual 
discovery of the neutron evaded researchers until 1932 when Chad-
wick, (2 ) as one of the results of research on the disintegration 
of nuclei by a-particle~ was able to demonstrate its existence. 
Dunning et al., ( 3 ) in 1935 working with a crude fore-runner 
of a neutron chopper showed that neutrons in thermal equilibrium 
have a maxwellian distribution. 
In 1936 Elsasser (4 ) suggested that the motion of neutrons 
could be determined by wave mechanics. This would enable the 
neutron to be used as a crystallographic tool quite similar 
to the x-ray. 
Later in 1936, Mitchell and Powers (5) using a paraffin 
"howitzer" with a Ra-Be source and sixteen well-formed single 
crystals of MgO all cut parallel to form a large composite crystal, 
showed that there was a marked increase in the number of neutrons 
reflected at the angle calculated to be the Bragg angle. On the 
basis of this experimental evidence they concluded that the 
reflection of slow neutrons was in accord with the Bragg relation 
between the de-B-roglie wave-length of the neutrons and the grating 
space of MgO crystals. 
3 
In the late thirties interest in neutrons gathered momentum. 
Wick ( 6 ) demonstrated that the elastic scattering of neutrons was 
closely analogous to the problems in x-ray scattering. But an 
essential difference arose in the inelastic scattering due to 
the interaction with the lattice vibrations. This difference 
arose from the nonrelativistic motion of the neutron (energy= 
momentum*V/2 not momentum*V as in x-rays) which tended to reduce 
the inelastic scatter. 
Halpern, Hamermesh and Johnson (7) in a discussion of neutron 
scattering from crystalline materials, classified neutron scatter-
ing into incoherent and coherent. Coherent scattering is that 
wherein the wave character of the scattered radiation bears a 
definite phase relationship with one another such that construct-
ive or destructive interference results. No such phase relation-
ships existed for incoherent scattering. 
Whitaker and Beyer (8), (9) examined neutrons scattered from 
single and polycrystalline iron. They found that the total 
scattering cross section for single crystal iron is smaller than 
that for polycrystalline iron. This is because in single crystals 
only small bands of the neutron spectrum can satisfy conditions 
analogous to the Laue condition for x-rays. In polycrystalline 
materials, on the other hand, various orientations of the crys-
tallites make it possible for the spectrum as a whole to be 
scattered. This results in the incoherent scattering cross 
section for single crystal being larger than for a corresponding 
polycrystalline sample. 
4 
Utilizing the work of Whitaker and Beyer which showed that 
slow neutron interactions may be modified by the physical state 
of the materials which the neutron traverses, Nix, Beyer, and 
D . (10) . . d . f . unn1ng 1nvest1gate a ser1es o ordered Fe-Ni alloys. The1r 
results showed that neutron transmission measurements provide 
a very sensitive technique for studying changes of order. Such 
measurements gave quantitative comparisons of the effects of vari-
ous physical processes; e.g., cold working and thermal treatments. 
They observed that the larger the grain size the smaller the total 
cross section and that as the degree of order increases the trans-
parency of the sample increases. 
2. Utilization of Nuclear Reactors 
Neutron diffraction did not come into its own until the 
advent of nuclear reactors. The thermal neutron flux from a 
nuclear reactor is many orders of magnitude higher than that 
possible from a Ra-Be source. The first neutron spectrometer 
(or diffractometer) constructed for use in conjunction with a 
nuclear reactor was built in 1944 by Zinn (ll) at the Argonne 
National Laboratories. It was a single crystal spectrometer 
utilizing a large calcite crystal (Caco3 ). The basic design 
has been improved little from this original. The detector was 
a boron triflouride counter enriched by a factor of five in Boron-
10 with a 95% efficiency for neutrons of kT energy and with its 
axis parallel to the diffracted beam. The spectra of both the 
thermal column and the direct reactor beam were obtained and 
compared with theoretical maxwellian curves calculated by Gold-
(12) berger and Seitz The direct reactor beam was calculated to 
5 
have a neutron temperature of 137°C. In addition the cross 
section for the cadmium resonance and the Breit-Wigner constants 
were determined. 
3. Crystal Reflectivity 
Goldberger and Seitz formulated the following equation for 







R = crystal reflectivity 
2.01 
NR = net neutron flux per unit time reflected from the crystal 
N1 = net intensity of incident neutron beam, neutrons per second 
aK = crystal structure factor 
k = wave number 
QB = Bragg angle 
E ;:::: neutron energy 
ko ;:::: Boltzmann's constant 
T = neutron temperature oK. 
The reflectivity calculated from this formulae is of the 
order of lo-5 when the angle of incidence is adjusted so that the 
neutrons at the peak of the thermal distribution function in the 
incident beam are diffracted. 
Actually the reflectivity will be much larger than this 
equation indicates because any real crystal possesses well 
6 
developed disoriented mosaic blocks which are tilted relative to 
one another. The reflectivity will be increased by a factor of 
n/w where n is the mean spread in angular disorientation and w 
is the rocking angle for which high reflectivity is obtained when 
a highly collimated monochromatic beam is incident on a perfect 
crystal near the Bragg angle. w is of the order of several seconds 
of arc. Thus by selecting a crystal with proper mosaic structure 
it is possible to increase the reflectivity by one to two orders 
of magnitude. 
Sturn (l3)~ using a single crystal spectrometer similar to 
that used by Zinn, measured the total neutron cross section of 
a series of elements for the 0.04 to 65 ev. range. He used a 
neutron detector having the same specifications as the one used 
by Zinn. Using a 1/v absorber assumption, he used the following 




















d = interplanar distance 
m = mass of neutron 
7 
0~ = scattering cross section of the jth atom in the unit cell 
k0 = Boltzmann constant 
T = average neutron temperature, °K. 
h 1 , h 2 , h3 = Miller indices 
xj' Yj, Zj = coordinates of the jth atom in the unit cell, 
in multiples of the lattice constant, a 
0 
This expression corresponded quite will to experimental data 
at energies greater than the maximum in the maxwellian distribution~ 
when suitable corrections were made for the 1/E tail of the reactor 
sprectrum. 
4. Scattering Cross Section 
Fermi and Marshall 
(14) 
investigated a series of elements to 
determine the phase of the scattered neutron wave with respect 
to the primary wave. Theoretically this phase change is very 
close to either 0~ or 180°. 
If a plane wave of neutrons described by a wave function 
Where: 
i~ 
~ = e 
k = 2~/A = wave number 
z = distance from origin 
2.03 
is incident on a nucleus, the scattered wave will be spherically 
symmetrical of the form 
~ = -(a/r)eikr 2.04 
8 
Where: 
r = distance of the point of measurement from the origin 
at which the nucleus is considered to be rigidly fixed 
a = scattering amplitude, and is a complex quantity 
a = a+iS, the imaginary component is important only for 
nuclei of high absorption (Cd, B, etc) 
The resultant wave is 
~ = eikz _ (a/r)eikr 
The scattering cross section is defined as 
Where: 
v = neutron velocity 
Therefore: 
2 




In 1936 Breit and Wigner (l5 ) gave a simple formula to 
relate scattering cross section for neutrons to the energy of 
the neutron and a single reasonance energy level. Simplification 
of their relation gives the following approximate expression for 
the scattering amplitude. 
2.08 
Where: 
~ = radius of nuclei (em) 
k = wave number 
~ ~ width of the resonance (ev) 
Er ~ energy of resonance (ev) 
9 
It can be seen from this relation that the scattering amplitude 
can be either positive or negative. A negative sign gives a 
phase change of 0°, a positive sign gives a phase change of 180°. 
Experimentally, with a few exceptions the phase change is 180°. 
(16) 
In 1950 Schull and Wollan published the coherent scatter-
ing properties for nearly 60 elements. Their information included 
the phase of scattering, value of coherent scattering amplitude 
and cross section, and the total cross section. A pronounced 
difference in scattering properties was noted for isotopes of the 
same element. This difference in properties results in a coherent 
cross section smaller than the total cross section. 
Many nuclides were shown to possess strong spin dependent 
scattering properties. If a specific nucleus possesses a resultant 
nuclear spin, a neutron can be scattered in either of two spin 
states, with its spin parallel or anti-parallel to that of the 
nucleus. Thus there are two scattering amplitudes and since 
nuclear forces are spin dependent, the two scattering amplitudes 
may be different. When this situation prevails, the coherent 
scattering cross section will be much smaller than the total 
scattering cross section. 
5. Extinction 
A crystal is classified as "perfect" if its structure is 
perfectly uniform and regular throughout. The reflectivity 
(integrated reflection) from a very small element of this perfect 
crystal is (ll): 
R = QoV 2.09 
Where: 
R = reflectivity 
oV = small elemental volume 
Q X 3N~~F2 
sin (29B) 
A = wave length for Bragg angle 
N = reciprocial of the unit cell volume 
K = polarization factor = 1 




exp [2ni (hx + ~ + ~J 
a b c 
= the neutron cross-section for coherent scattering 
h, k, ~ = Miller indicies 
a, b, c = unit cell dimensions. 
The amplitude of an incident beam of neutrons is reduced as it 
10 
proceeds through a large crystal at the Bragg angle due to absorptions 
by neutron capture processes and by the fact that some of the neutrons 
are being diffracted and are escaping from the crystal as a reflected 
beam. 
Therefore, even allowing for the effect of true absorption, the 
deeper parts of the crystal contribute less than the upper 
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parts, because energy which is incident at the correct angle for 
diffraction has been removed before it reaches the deeper parts. 
Even discounting true absorption, the simple expression QV will 
not apply over the extended volume, because the strength of the 
incident beam diminishes appreciably with penetration. This 
reduction of the incident intensity is ~he phenomenon of 
"extinction". 
In a perfect crystal, extinction of the forward travelling 
wave is due to repeatedly reflected components thrown into the same 
direction but with opposite phase. At the Bragg angle, extinction 
is so marked that the reflection effectively takes place in a very 
thin surface layer, with the penetration being of the order of 
em. Extinction of this form due to perfectly ordered struc-
ture of scattering units is called "primary". 
However, most crystals are very far from perfect and the 
ideal lattice regularity is restricted in crystals to very small 
regions, the boundaries of which are fixed by distortions and 
displacements in the structure. These crystals are called 
"mosaic" and the reduction of the beam in their interior will be 
controlled by the type of mosaic structure, including the orient-
ation function of the mosaic blocks. Screening of a lower block 
by an identically oriented block nearer the surface will still 
occur, but the effect will be much less marked in the mosaic 
crystal since the intervening blocks will have different orient-
ations and will not reflect at the same inclination of the 
incident beam. Since reflections from the blocks at different 
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depths are not coherent, the limitation of the forward-traveling 
wave to a thin surface layer does not occur. Extinction of the 
beam does occur but not to the extent as in a perfect crystal. In 
most cases it will run several orders of magnitude less. 
tion of this form is called "secondary". (lB) 
Extine.-
If the mosaic blocks are large enough, primary extinction 
will occur within them. Therefore it is possible for bqth primary 
and secondary extinction to occur simultaneously. For secondary 
extinction to occur only~ the mosaic blocks must be small compared 
to the penetration distance for primary extinction. A crystal 
with this characteristic is said to be '!ideally imperfect". 
For a large mosaic crystal (thick ideally imperfect crystal) 
the reflectivity is proportional to Q1 / 2 instead of Q as is the 
case for a perfect crystal. This means that the reflectivity is 
proportional to the structure factor (F) instead of the square of 
the structure factor. This has been previously demonstrated by 
(18 19) 
experimental data. ' 
6. Experimental Methods 
For crystals thinner than 0.1 mm., the criteria of perfect 
crystal holds and the reflectivity is proportional to Q. 
The density of neutrons in a beam from the highest•flux 
reactor compared to the number of quanta in an x-ray beam is 
significantly smaller. Therefore neutron diffraction analysis 
requires wide neutron beams and specimens of several cubic centi-
meters in volume in order to obtain a manageable diffracted 
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intensity. This procedure has many disadvantages. In the Debye-
Scherrer powder method it leads to poor resolution and the incoher-
ent scattering in the sample produces a background scattering 
which can be larger than the significant counting-rate. This is 
a particularly serious situation in the study of hydrogenous sub-
stances because of the large disorder scattering associated with 
these compounds. With single crystal methods the limitation 
arises from the severe extinction of the neutron beam. A single 
crystal suitable for structure analysis must in general have 
dimensions of about 1 mm. 
In 1951 Lowde (20) proposed a technique which permitted the 
use of a small crystal in conjunction with only a moderate neutron 
flux. Lowde's method had the following advantages over the pre-
vailing methods: 
1. The counting rates were greater. 
2. The ratio of Bragg peak to background was improved to 
the degree that many hydrogen-containing substances 
can be studied. 
3. The use of a small single crystal meant that the 
structures of greater complexity could be studied. 
To gain the necessary intensity, the incident radiation was not 
monochromatized, but comes straight from the reactor. In these 
circumstances the collimation could be relaxed: a geometrical 
gain of an order of magnitude resulted, since the solid angle 
from the diffracted neutrons received at the counter was equal 
to the whole angular divergence of the beam reflected from a 
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monochromating crystal. 
The "integrated reflection" to be measured in a structure 
by this method was simply the peak counting rate of the crystal 
rocking curve. This was recorded for each reflection of interest 
with an independent setting of both crystal and counter. 
The largest drawback to this method is that it is dependent 
upon the interplanar angles and not the interplanar distances. 
Therefore higher order interference will result~ because all 
orders of a plane will reflect at the same angle. If the struc-
ture factors of all orders are the same~ the second order impurity 
in the first order beam will be about 3%; but subharmonic impur-
ities in higher order reflections will give rise to large cor-
rections. 
(21) (22) 
G. Cagliote and R. M. Moon and C. G. Shull have 
made comprehensive studies on the effects of simultaneous reflect-
ions in the investigations of single crystals. Their corrections 
are both involved and complicated. 
7. Cross Section Determination Application 
Work was done by Sidhu~ Heaton and Mueller (23 ) on the 
measurement of total neutron cross sections. The attenuation of 
a collimated beam is given by 
III - crtN o = e 2.10 
Where: 
I = intensity of beam after passage through sample 
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Io = intensity of beam before passage through sample 
Ot = total neutron cross-section 
N number of atoms per em 2 = 
N = wt.% of substance X Av~adro's number 




0 + 0 
a s 
aa = neutron absorption cross-section 
a = neutron scattering cross-section s 
(coherent and/or incoherent) 
2.11 
2.12 
Their method of measuring relative transmission of neutrons 
of a given energy through a sample was as follows. Four measure-
ments were required at each energy point. 
Where: 
2.13 
R1 = count rate of beam transmitted through sample 
and sample container 
~ = count rate through sample container only 
r 1 & r 2 = corresponding count rate due to incoherent 
scatter, sample and sample container off-set 
several degrees 
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The total scattering cross-section is obtained by solution 
of these equations. Applications of this method are determination 
of crystallinity effects, grain size studies of total neutron 
cross-section of compounds of different crys~al systems. 
8. Orientation Studies Application 
Laniesse, Meriel and Englander (24) utilized monochromatic 
radiation to investigate perferred orientation in extruded bars 
of uranium. Their specimens were cylindrical, about 5 cm. 3 in 
volume with the axis of extrusion parallel to the neutron beam. 
A specimen extruded in the. phase but heat treated in the 6 phase 
showed only a weak degree of preferred orientation. The "as 
extruded" specimens showed a marked degree of preferred orient-
ation [110] in the direction of extrusion. 
9. TOF Studies 
A more recent development in neutron diffraction has been 
the advent of time-of-flight studies. Experimental demonstration 
of this method was first demonstrated by Buras et al. (25) This 
method utilizes a neutron chopper in connection with a diffract-
omer. When the beam from the reactor is pulsed by a chopper, 
all the neutrons recorded at a given time after the pulse, have 
the same wavelength. Two different modes of operation are 
possible. A chopper with a single electronic time-gate serves 
as a monochromator, while a chopper with a range of adjacent 
time channels allows a range of diffracted wavelengths to be invest-
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gated simultaneously. 
In the conventional method of crystal analysis, neutrons of 
a fixed wavelength are scattered by the sample and the intensity 
is recorded as a function of the angle Q. The curve of intensity 
versus angle Q shows a maximum when the Bragg equation A=2d sin (Q) 
is satisfied. However in the time-of-flight method the roles of 
A and Q are reversed. The intensity as a function of wavelength 
is determined for a fixed scattering angle 29. 
Initial work was done only with powder samples, but recently 
Buras et al. (26) has extended time-of-flight methods to single 
crystal studies. 
B. Electric Steels 
Single crystals of iron and silicon steel are anisotropic; 
that is, they have different physical properties along different 
crystallographic axes. In certain crystallographic directions 
they have extremely low hystersis losses. However these single 
crystals have the disadvantage of having high eddy losses when 
used in transformers. 
Silicon iron was first reported to have been used for trans-
former sheets by Gumlich <27 ) in 1912. Compared to ordinary iron, 
silicon alloys possess a high electrical resistance which results 
in lower eddy current losses as well as lower hystersis losses 
and a higher permeability in low magnetic fields. These properties 
increased in a non-linear proportion with silicon content up to 
18 
about 4.5%, where it became in~ossible to roll the silicon iron. 
In 1935 a very important paper by Goss <28) appeared. It des-
cribed a production method for producing a new electric strip steel 
which was fine grained but exhibited properties quite analogous to 
single crystals.. The production method involved a carefully con-
trolled sequence of hot rolling, heat treatment, and cold rolling. 
Goss concluded that the strip was characterized by a fine grain 
structure in which the crystals were quite perfect in structure and 
were distributed entirely at random. This conclusion that the grains 
were randomly oriented suggested that the existing theories of mag-
netism were in error and would need revision. 
(29) 
Bozorth , using samples provided by Goss arrived at a quite 
different conclusion. He found that the grains in the steel strips 
were preferredly oriented so that one of the six directions of easy 
magnetization in each grain lay approximately parallel to the direct-
ion of rolling. This is the direction in which the strip was observed 
to have its unusual magnetic properties. These properties could now 
be explained without a revision of existing magnetic theories. 
Goss's erroneous conclusions resulted from the samples not 
being rotated with respect to the x-ray beam during his observations. 
Bozorth concluded that the mean orientation of the crystals in 
the Goss material was: 
1. (110) plane in the rolling plane 
2. (001] direction parallel to the direction of rolling. 
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Bozorth's results were confirmed by Burwell ( 30) who constructed 
a pole figure for the Goss material. The majority of the grains 
deviated by less than 11° from the perfect orientation. 
An investigation of the effects of rolling and annealing on 
the orientation of individual grains in silicon steel strip by 
Decker and Harker (Jl) 7 yielded results which led to the formulation 
of a theory for the appearance of the "magnetic" orientation in the 
final processed strip. 
It was proposed that in a fine grained strip of silicon iron, 
those grains which are already in the "magnetic" orientation before 
rolling will keep that mean orientation during rolling but will 
become more highly strained than other grains 7 and therefore, they 
will become the portions of the cold-rolled strip with the highest 
free energy. During the annealing process 7 these highest energy 
regions will recrystallize firs~ becoming lowest energy regions 
which will be able to consume the now higher energy regions sur-
rounding them. Since these nuclei have the "magnetic" orientation, 
the final product will also attain this "magnetic" orientation. 
Single crystals of silicon iron in three different orientations 
were cold-rolled 70% and annealed to produce both primary and 
secondary recrystallization structures by Dunn (32) 
He made a detailed study of changes in grain size and in 
orientation using metallographic, x-ray and magnetic torque methods. 
The orientations of a few early forming primaries were determined. 
He concluded that relatively large grains deviating markedly 
in orientation from the primary recrystallization texture grow 
into secondary grains having specific preferred orientations and 
that the driving force for secondary recrystallization comes from 
grain boundary energy. 
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May and Turnbull ( 33) studied the effects of impurities on the 
(110) [001] secondary recrystallization texture by making specific 
impurity additions to high-purity silicon iron. The primary re-
crystallization texture was very weak, but a (110) [001] component 
was present. They found that the presence of impurities was 
necessary in order for a strong (110) [001] texture and secondary 
to develop. These impurities formed a dispersed second phase. 
A dispersed second phase was identified as manganese sulfide. 
The function of these inclusions was to inhibit normal grain 
growth so that a stable matrix of fine grains was maintained, and 
thus maintain a driving energy for secondary recrystallization. 
The mechani.sm by which the strong (110)[001] texture predominates 
appeared to be as follows: Rolling and annealing of the sheet prior 
to the final cold-reduction established specially oriented grains, 
which upon cold-reduction and annealing undergo primary recrystal-
lization to grains of {110)[001] orientation. These grains make up 
a small volume fraction of the fully recrystallized material. The 
larger of the (110)[001] grains grow at the expense of the primary 
recrystallized grains which have a very weak preferred orientation, 
but are kept from growing very much by the second~haae inclusions. 
By this manner the whole sample is transformed to the (110)[001] 
orientation. 
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Even though the growth rate for (110)[001] oriented grains is 
one of the fastest, it is not sufficient alone for the (110) [001] 
texture to predominate. The (110)[001] grains must also surpass 
the critical size for nucleation ahead of grains of the other 
orientations. They proposed that the strong (110) [001) texture 
develops because in a material containing inclusions the (110) [001] 
grains have the lowest free energy, hence the greatest driving 
energy. 
Walters and Hibbard (34) examined single crystals of silicon 
iron which were rolled and recrystallized. They found that the 
resulting texture depended upon the orientation of the crystal. 
If the crystal had an original orientation such that the cube 
plane was within 30° of being parallel to the rolling plane, the 
recrystallization orientation tended toward the (100) [001] orient-
ation. However if the (110) plane was nearly parallel to the 
rolling plane the recrystallization orientation tended toward 
(110) [001 ]. 
Fielder (3S) related the secondary recrystallization texture 
to the structure developed during prior processing. He concluded 
that the development of the (110) [001] texture required the presence 
of a (110) [001] component in the texture of the primary recry-
stallized matrix. This component is developed by cold rolling, 
recrystallizing, cold rolling, and recrystallizing sequence. It 
is related to the (111)[112] doublet component that appears after 
the first recrystallization heat treatment. 
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A summary of all these developments was published by MOrrill 
(36) 
in 1960. His paper, "Silicon Irons up to Date", is one of the best 
references for the mechanisms controlling development of the (110) 
[001] texture. 
Walker and Howard <37 ) in 1959 presented a method by which the 
(llO)[OOlJ texture could be developed by cold rolling of sintered 
compacts of silicon iron. They also devised a short x-ray method 
for checking the texture of silicon iron strips. 
In late 1957, General Electric Company and Westinghouse ( 3 B) 
announced the advent of cube-textured silicon iron. Cube-texture, 
(100) [001), (cube-texture is also referred to as cube-on-face 
while the (110) [001] orientation is referred to as cube-on-edge) 
provides two good magnetic directions :i.n the plane of the sheet, 
[100] and [OlO]~and eliminated one of the magnetically poorer 
crystallographic directions, [111], which was characteristic of 
oriented silicon irons up till this time. 
The most obvious advantage of the (100) (001] oriented alloy 
was that the magnetic flux could now turn corners. The design of 
transformers was greatly simplified by utilizing cube-on-face text-
ured steel as opposed to cube-on-edge steel. 
A comparison was made by Walters et al. (39, 40) of the mag-
netic properties of cube-on-face and cube-on-edge textures. The 
magnitude of (100) [OOlJ texture as determined by torque magnetometer 
tests was of the order of 90% or greater when compared to a single 
crystal with a (100) [001] orientation. 
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Static DC magnetic tests and 60 cycle AC watt loss tests made on 
single strip samples taken both parallel to the rolling direction 
and at right angles to the rolling direction indicated nearly 
equal magnetic properties in both directions for the cube-on-face 
material. These properties were equivalent to the magnetic pro-
perties measured in the single good direction of the cube-on-edge 
material. 
Two transformers were made: One using laminations of the 
cube texture4 silicon iron, and the other of the grain oriented 
material. It was found that the transformer made of the cube 
textured material produced significantly lower energy losses at 
all inductions, and at 17,000 gauss the losses were approximately 
60% of the losses produced by the grain oriented transformer. 
Similarly the current required to produce 17,000 gauss in the cube 
textured transformer was again about half that required to excite 
the grain oriented transformer to the same induction. 
. (38) Results by We~ner et al. also showed the beneficial pro-
perties of cube-on-face material. They found that the magnetic 
properties were sensitive to both the amount of cube oriented 
grains and the distribution of the directions about the rolling 
direction of the sheet. 
. (41) In a rev~ew by Brown , three different methods are described 
by which the (100) [OOll texture may be produced. The first method 
involved multiple reduction stages which applies most easily to 
very thin gauges. The second method involved the rolling ofcolumar 
grains. The third method is very close to the original Goss process. 
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One drawback to the (100)[001] structure is the property of 
magnetostriction. This property influences the noise output of 
transformers. For (100) [001] textures the transformer hum is 
greater than an equivalent (110) [001] transformer. 
C. Application of·Neutron Diffraction Techniques to Investigation 
of Silicon Steels. 
Eugenio <42 ) used a single crystal of sodium chloride (NaCl) 
to obtain the maxwellian distribution of the neutrons from the core 
of the University of Maryland nuclear reactor. He assumed his counter 
had a 1/v sensitivity and the crystal reflectivity to be proportional 




























crystal plane spacing 
glancing angle 
order of plane 
N2 F2 /..4 
c 
2 sin2 9 
2.14 
number of unit cells per unit volume of crystal 
crystal structure factor 
neutron wave length 
Eugenio obtained the following relationship between the 
experimental neutron count rate of a maxwelliam distribution and 
the neutron most probable velocity. 
Where: 
CR = C v 3 • 5 exp 2 [ - (v/v0 ) ] 
CR = neutron count rate 
C = constant 
v neutron velocity 
!-
cos 2 (Q) 
v 0 neutron most probably velocity 
l 
Assuming cos'2Q to be constant over the range of interest, 
2.16 
the partial of the neutron count rate with respect to velocity 
set equal to zero, yields the following relation. 
v = /2 Vmax 
0 /3-:5 2.17 
Where: 
Vmax = the velocity corresponding to the maximum of 
the experimental neutron count rate 
The value obtained from the preceeding equation for the most 
probable velocity was used to index the maxwellian curves obtained 
by using sheets of preferredly oriented silicon steel to diffract 
the neutron beam. This information gave the crystal plane which 
was parallel to the rolling plane. The samples were rocked in 
the neutron beam to obtain an estimate of the deviation of the 
grains from the mean orientation. Transmission diffraction curves 
25 
were then used to determine the direction of the preferred orientation. 
26 
A more complete analysis of the application of neutron diffraction 
will be presented in a latter part of the thesis. 
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III. DEVELOPMENT OF SINGLE CRYSTAL THEORY 
A. Rocking Crystal Theory 
In this section the relationship between the rocking crystal curve 
and the mosaic structure of the crystal will be developed following pre-
vious work by Sailor et al. (43) 
The intensity of a beam of neutrons emerging from a perfect col-
limator may be described by the function: 
3.01 
Where: 
a = s/~ = collimator divergence 
s = width of collimator 
~ = length of collimator 
¢1 = angle which any individual ray makes with the centerline of 
the channel, the sign of ¢1 is such that +¢1 would tend to in-
crease the Bragg angle of the ray, ¢ 1 varies between +a and -a. 
Imperfections in the collimator and the finite transmission of 
neutrons through the walls will cause Eq. (3.01) to inadequately repre-




a' = a/(2~n(2) 112 ) 
A real crystal is composed of mosaic blocks, each individually 
perfect but oriented in a distribution about an average position. 
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It may be assumed that the projections on the horizontal plane of the 
normals to any given set of crystal planes have a gaussian distribution. 
'¥ (n) = R ( [3 ' ) exp [ - ( n/ 6 ' ) 2 ] 
0 3.03 
Where: 
n = angular displacement from the mean of the projection of the 
normal for a given block. The sign of n is such that the Bragg 
angle will be increased when n is positive. 
[3 = full width at half maximum of the distribution 
[3' = [3/ (2.Q,n (2) 112 ) 3.04 
R (~') =peak reflectivity of the crystal and dependent upon the 
0 
effect of extinction 
Let us assume the case of no appreciable extinction. In a crystal 
there are a fixed number of mosaic blocks, N, per unit volume which are 
distributed about a mean orientation. 





N = the number oriented with n =0 
0 
N = N/(s'rr/2) 
0 
R = L'N = L/f3' 
0 0 
L = constant involving density, coherent scattering, etc. 
3.05 
3.06 
In a crystal where the effects of extinction are fairly pronounced: 
Where: 
R = M/ (f3 ')x 
0 
M = constant 






= Mexp[{n/B')J/(B') 3.08 
Where: 
X < 1 
If a second collimator is used between the counter and the crystal 
a second collimator function is defined. 
3.09 
For simplicity A is normalized to unity. 
A rocking crystal curve is the curve of neutron count rate versus 
e when the counter is locked at a given position and the crystal is ro-
tated. When the angle of incidence of the neutron beam on the crystal 
is equal to the angle of reflection from the beam to the counter a peak 
will result. 
Let us examine the significance of the rocking crystal curve. 
Let y be the displacement of the crystal plane from the Bragg angle e, 
the sign of y being +, when the Bragg angle of an individual ray is in-
creased. 
e' = e+ ¢ + n + y 1 3.10 
The probability of a neutron passing through the first collimator, 
being reflected by the crystal and then passing through the second col-
limator and being counted by the detector may be expressed as a function 




o = e'-e 
Substituting Eqs. (3.02), (3.08) and (3.09) into Eq. (3.11) and 
performing the following change of variables yields Eq. (3.12). 
<1>1 = o-n-y 
ct>2 = o+n+y 
d<j>l = -dn 
na,b = o-y-(<j>l)a,b 
J(y,-Q) = Io (ll~nexp[-.((o-n~y)2+( ~,)2+(o+n~y)2]] (8')Xj 7 · a fJ a na 





=A[ 2 + 1 ] 
(a')2 (8')2 
A = a constant 
2c 2 2 2 
exp ( 2 + 2 2 ]* 
(a') (a') +2(8') 
2y (S') 2 ] [n b + 2 2 
a, 2(a') +(B') 
For most cases of interest: 
erf(za)+erf(zb)~l 
Integrating Eq. (3.13) over o gives: 






J(O)=intensity at the center of the rocking crystal curve 
Substituting for a' and S': 
J(y)=J(O)exp[-(81n(2y2)/(a2+2S 2))] 3.15 
This expression related the rocking crystal curve to the angular 
resolution of the neutron spectrometer and the full width half-maximum 
of the mosaic spread of the crystal. 
The angular resolution of the collimator may be calculated or 
measured experimentally. 
Eq. (3.14) is simply an expression for a normal distribution with 
a standard deviation. 
Let us define: 
Therefore: 
2 2 2 2 
a =(a +28 )/(16£n(2y )) 
2 2 J(y)=J(O)exp[-(y /2cr )] 
3.16 
3.17 





The FWHM of the rocking crystal curve plus the angular resolution 
of the spectrometer allows the FWHM of the mosaic spread distribution 
to be calculated. 
B. Maxwellian Distribution Analysis 
The thermal neutron densityin a reactor core can be approximated 
(44) 






= neutron density per unit velocity interval 
v = neutron velocity, (cm./sec.) 
3.20 
v = the most probable velocity of themaxwellian distribution 
0 
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The intensity of neutrons incident on a crystal sample is proportional 
(45) 
to the neutron flux . 
¢ = nv 
Where: 
¢=neutron flux, (neutrons/ ((cm. 2 )(sec.))) 
n =neutron density, (neutrons/cm. 3 ) 





The wavelength distribution incident on the crystal is the derivative 
of the flux with respect to wavelength. 
A = h/mv 3.23 
Where: 
A = neutron wavelength, (em.) 
h =Planck's constant, (erg-sec) 




dl. = - mv /h 3.24 
Hence: 
= ~ _ d¢ dv _ 5 [ ( I 
<P(I.) dl. - dv dl. - c2v exp - v vo)] 3.25 
The neutron distribution reflected from a crystal can be represented 
by the reflected intensity<42 , 46 ). 
I = ~P(I.)R(>-) 3.26 
Where: 
I = reflected intensity, (neutrons/sec.) 
R(l.) =crystal reflectivity (integrated reflection), (em:) 
(47) 
For a small crystal, the crystal reflectivity is given by Zachariasen 
as: 
R(A) = QoV 
Where: 
-3 N = number of unit cells per unit volume of crystal, (em. ) 
c 
F = crystal structure factor, (em.) 
e = Bragg angle 
3 
oV = volume of small single crystal, (em.) 
3.27 
3.28 
For a large, perfect crystal, the crystal reflectivity has been 
(48,49) 
theoretically derived to be : 
R(l.) = QV(tanh(mq))/mq 3.29 
Where: 
V = volume of crystal irradiated, (em:) 
m = number of reflecting planes in crystal 
q = reflectivity of a single plane of unit cell 
q = N FAd/sin(8) = 2N d2F 
c c 
d = crystal interplanar spacing, (em.) 
Eugenio(42 ) has shown that the following equation is equivalent 
to Eq. (3.29). 
R(A) = 2N FA(d/n) 2 tanh(N FAt /sin(8)) 
c c 0 
Where: 
n = order of reflection 
2 A= area of crystal intercepting beam, (em.) 
t = crystal thickness, (em.) 
0 
3.30 
Eq. (3.30) underestimates the reflected intensity because single 
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crystals are not perfect, but can be considered as consisting of blocks 
misoriented at small angles with respect to each other. Experimentally 
Bacon(lg) has shown that for large crystals; 
Where: 
R(8) = Ql/2 
e 
R(A) is related to R(8) by the following relationship. 
R(A) = 2d(cos(8))R(8) 
In general for large ranges of n, 






n = tilt of Mosaic blocks 
Therefore: 
But: 
sin(28) = 2sin(8)cos(8) 
Therefore: 
Also: 
3 2 2 . 2 ] R(A)~2d[nA N F cos(8)/sln (8) 
c 
nA = 2dsin(e) 
Therefore: 
Or, 
Therefore for a large real crystal: 







The neutron count rate as measured with a BF3 proportional counter 
is modified by the sensitivity of the counter. 
3.40 
Where: 
CR = neutron count rate as recorded by BF3 counter as a function 
of angle e 
£(v) = BF3 counter sensitivity as a function of neutron velocity 
The probability of an interaction of a neutron in the counter is: 
3.41 
Where: 
c = efficiency constant 
N =density of 5 B
10
, (atoms/em~) 
a = cross section of B10 for 2200 m./sec. neutrons, (em:) 
0 5 





s(v) = c[l-exp(-L:vth/v)] 
Substituting Eq. (3.42) and Eq. (3.39) into Eq. (3.40) yields: 




To correlate the most probable velocity of the neutron count rate 
distribution with the most probable velocity of the maxwellian distri-
bution, the derivative of the count rate with respect to velocity is 
taken. At the maximum of the neutron count rate distribution the de-





-= av CR 
a (CR) 
av 
-a/(v(exp(a)-1))+4.5/v -2v/v2 +0.5tan2 (e) 
0 




Solving Eq. (3.44) and Eq. (3.45) for the most probable velocity of the 
maxwellian distribution in terms of the most probable velocity for the 
neutron count rate yields: 
1:: 2 - 2 




e = angle corresponding to maximum count rate 
Eq. (3.46) can be reduced to any of the standard forms by the application 
of the same assumptions as were originally applied in their derivations. 
1. Assume a black detector and neglect any angular dependency of 
the crystal reflectivity. 
v = v/1.50 
0 
2. Assume a 1/v detector and neglect any angular dependency of 
the crystal reflectivity. 
v = v/1.32 
0 
This expression is the same as the results of Eugenio's work. 
3. Assume a black detector and neglecting any effect of crystal 
reflectivity. 
v = V.;1.22 
0 
This expression is the same as the results of work done at 
Argonne. 
If the crystal is small Eq. (3.27) should be used to express the 
crystal reflectivity. Utilizing Eq. (3.27) instead of Eq. (3.31) the 
following is obtained for the neutron count rate: 
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3.47 
For the area in between these two classifications a linear combina-
tion of Eq. (3.43) and Eq. (3.47) can be used to represent the count rate. 
Let: 
CRl = CR from Eq. (3.43) 
CR2 = CR from Eq. (3.44) 
CR = P*CR1 + (l-P)*CR2 3.48 
Where: 
p varies from 0 to 1. 
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IV. DEVELOPMENT OF POLYCRYSTALLINE THEORY 
A. Rocking Crystal Curve Analysis 
Highly preferred oriented polycrystalline materials will 
behave crystallographically quite similar to real single crystals (42) 
If it is assumed that the projection of the normals of a given 
plane in the oriented grains on a plane perpendicular to the rolling 
plane have a gaussian distribution, the analysis of a rocking crystal 
curve may be done quite similar to the method used in determining 
mosaic spread in a single crystal. 
Recalling Eq. (3.19): 
FWHM = /( a 2 + 2 f)/2 3.19 
Where: 
FWHM = full width half maximum of rocking crystal curve 
a = angular resolution of spectrometer 
S = FWHM of gaussian distribution for mosaic structure 
Let us replaceS with T • 
Where: 
T = FWHM of gaussian distribution of oriented grains 
Therefore: 
FWHM = 4.01 
With the utilization of Eq. (4.01) the deviation of the grain 
orientation from the mean orientation can be accurately determined. 
Evaluation of transmission rocking crystal curves may also give 
information about the degree of secondary orientations. 
B. Maxwellian Curve Analysis 
The procedure in analyzing a maxwellian distribution from a 
highly oriented polycrystalline sample is slightly different and 
more complicated than the single crystal procedure. 
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In single crystal work the object is to determine the reactor 
core neutron most probable velocity by using diffraction from a 
known crystal plane. In polycrystalline work, a known most pro-
bable velocity is used to index the maxwellian distribution by 
determining the d-spacing corresponding to the given distribution. 
Depending upon such variables as grain size, sample thickness, and 
amount of sample stacking, one of the following equations will be 
applicable for a solution: Eq. (3.43), Eq. (3.47), or Eq. (3.48). 
This analysis may be greatly complicated by secondary preferred 
orientations. If secondary peaks appear superimposed upon the main 
peak, it may be necessary to do "spectrum stripping", if the numer-
ical degree of the secondary orientation is to be found. Even 
in the case of superimposition of peaks, the indexing of the planes 
can be done quite readily. 
C. ~ Curve Analysis 
A Laue curve is the result of the sample locked in position 
in the beam while the neutron counter is rotated. It will provide 
information confirming the primary orientation and the presence of 
secondary orientations. Alone, a Laue curve is difficult to index. 
But when the primary and secondary orientations have been indexed 
from the maxwellian distribution7 the rest of the peaks in the 
Laue curve can be indexed. 
D. Summary 
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Analysis of the maxwellian distribution will give the preferred 
orientations. The rocking crystal curves will give the scatter of 
the grains about the mean orientation. The Laue curve will confirm 
the information obtained from the first two methods. 
V. DESCRIPTION OF EQUIPMENT 
A. University 2f Missouri at Rolla Nuclear Reactor 
The University of Missouri at Rolla Reactor is a 200 kw, 
heterogeneous, thermal pool-type, research and training reactor. 
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It is similar in design to the Bulk Shielding Reactor at Oak Ridge, 
Tennessee. The biological shielding of the reactor is sized so that 
with the addition of forced cooling equipment, it can eventually 
be operated at a power level of 1 megawatt. At the present maximum 
power level of 200 kw, cooling is by convection. 
The pool of the UMRR is 9 ft. wide, 19 ft. long, 27 ft. deep 
and holds approximately 32,000 gallons of high purity, demineralized 
water. 
An aluminum tower is suspended from a bridge which spans the 
pool. At the lower end of this tower is a heavy aluminum grid 
plate with holes to receive the nose pieces of the fuel elements 
which form the core of the reactor. The overall size of a fuel 
element is 3 in. by 3 in. by about 36 in. A standard fuel element 
has 10 plates about 1/16 in. thick, and each plate is an aluminum, 
uranium oxide, aluminum sandwich with 170 grams of Uranium 235. The 
standard core loading contains about 2.7 killograms of Uranium 235. 
Control of the reactor is accomplished from the operating 
console. The control instrumentation has elaborate interlocks 
which prevent the reactor from achieving an undesirable mode of 
operation. 
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Experimental facilities of the UMRR include a thermal column 
for irradiations requiring low energy neutrons, a beam tube for 
experiments which require a beam of neutrons at the external face of 
the reactor, a bare and a cadmium lined pneumatic tube, a cryo-
genic chamber and various irradiation facilities which can be 
placed in or near the core. 
B. University 2f Missouri ~ Rolla Computer Facilities 
The computer facilities available at the University of Missouri 
at Rolla include an IBM 360 Model 50 digital computer system with 
262,144 bytes of core storage, six disk storage drives with a com-
bined capacity of 43,500,000 bytes, magnetic tape units with a 
recording density of 800 and 1600 bytes per inch, two 1000 card 
per minute readers, and an 1100 line per minute printer. 
Communications terminals with visual display station and type-
writer output provide remote entry of data. A Calcomp Model 566 
high speed digital incremental plotter and a Calcomp 750 magnetic 
tape control unit provide off-line plotting capabilities. 
C. N~utron Diffraction Equipment 
The design of the neutron spectrometer follows the design of 
the 6A portion of Argonne National Laboratory's Spectrometer II 
(51) 
as described by Mueller et al. The construction of the spect-
rometer was done by L. D. Thompson <52) as a Master's thesis require-
ment. A very comprehensive description of the spectrometer may be 
found in his thesis. The spectrometer is essentially two separate 
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turn-tables on the same vertical axis. The lower turn-table is 
fastened to the large counter arm. The upper turn-table has a 
goniometer fastened to it. The two turn-tables are geared independ-
ent of each other and are driven by separate AC-DC motors. Figs. 
(5.01), (5.02), (5.03), (5,04) are photographs of the spectrometer 
from various angles. 
A large tank containing about 300 gallons of a saturated 
aqueous solution of boric acid is positioned in front of the 
reactor beam port. This tank is used to reduce the neutron.and 
gamma radiation that streams around the beam tube collimator. A 
detailed description of the beam tube collimator can be found in 
Thompson's thesis. 
A beam catcher is used to attenuate the portion of the primary 
beam that does not undergo diffraction. The beam catcher is con-
structed of borated paraffin. 
Additional shielding is provided in the external collimator. 
The external collimator consists of a 76" by 3/4" by 3/4" steel 
channel. The channel is surrounded by at least 1" of powdered 
boric acid. This is encased in a 4" by 4 11 container which is 
lined with a 1/8" sheet of cadmium. 
The shielding reduces the neutron and gamma radiation back-
ground to acceptable biological levels in the beam room. A secondary 
but important benefit is the lowering of the neutron background 
count rate. With the exception of in the direct primary beam 
and diffracted beam, the combined neutron and gamma radiation 
level is less than 5 mr./hr. in the beam room during operation at 
200 Kw. The radiation level is 5 r./hr. neutron and 200 mr./hr. 
gamma in the primary beam at 200 Kw. 
The neutron counter is a Reutor Stokes-108S proportional 
counter. This counter has an active length of 12 3/4" and diam-
eter of 2". It contains BF3 enriched to 96% B10 with a fill 
pressure of 760 mm. of mercury. 
The signal from the BF3 counter is fed to a preamplifier 
before it goes to the multi-channel analyzer. The location of the 
preamplifier is pointed out in Fig. (5.01). 
The angle readouts consist of a gearing system from the 
worm gear drives to the theta and two-theta turn-tables in con-
junction with two digital mechanical readouts. These readouts can 
be read to the nearest 0.01°. A closed circuit television system 
is used to remotely monitor the angle readouts. 
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The spectrometer is controlled remotely from the Control 
Chassis in conjunction with a multi-channel analyzer and a time-
base-generator. The Control Chassis contains a television monitor, 
a high voltage power supply, television camera rotor controls and 
the hardware for the automatic control of the spectrometer. The 
Control Chassis is illustrated in Fig. (5.06). The multi-channel 
and time-base-generator are displayed in Fig. (5.07). 
The control sequence for a typical operational cycle is as 
follows: 
The time-base-generator sends a pulse, indicating the end of 
the time cycle, to the Control Chassis and multi-channel analyzer. 
This pulse advances the analyzer to the next channel and activates 
the pulse network in the Control Chassis. The pulse network moves 
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the theta and/or two-theta motors as per preset instructions. While 
the motors are being pulsed, a blocking signal is sent to the analyzer 
inhibiting it from storing data. When the motors finish their pre-
set movement, a pulse is sent to the time-base-generator starting 
the time cycle. Simultaneously, the blocking signal is removed from 
the analyzer. The analyzer stores data until the next end of time 
cycle pulse. 
The data stored in the analyzer memory may be read out in 
several different modes. They are: 
1. Typewriter 
2. Magnetic tape 
3. Paper punch tape 
4. X-Y plotter 
5. Polaroid picture 
Part of the read out facilities are illustrated in Fig. (5.07). 
In addition to the fore mentioned shielding there are various 
other safety features designed into the equipment. 
1. Opening the beam port causes a revolving red light to be 
activated. This light flashes as long as the beam port 
is opened. A red light lights up in the control room 
when the beam room port is open. The beam port can be 
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opened only from the control room. It is open only after 
all personnel have been cleared from the beam roon. 
2. The neutron background level in the beam room is monitored 
at all times in the reactor control room. 
3. The closed circuit television camera may be used to 
remotely scan the beam room. A television monitor is 
located in the reactor control room. (Fig. (5.08)) 
Major improvements to the equipment constructed during this 
project include construction of shielding and collimation system, 
movement of spectrometer to present location to improve angular 
range, construction and design of angle readout system, data 
storage in each analyzer channel, modification of preamplifier, 
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VI. DESCRIPTION OF SAMPLES 
A. Single Crystals 
1. Copper Crystal 
The copper single crystal was obtained from Semi-Elements, 
Inc. of Saxenburg, Pennsylvania. The crystal is 99.999% copper 
with physical dimensions of 1/2" by 2" by 5 1/2". The crystal 
is cut with the (100) plane parallel to the exposed faces. 
Fig. (6.01) is a photograph of the copper crystal. 
2. Lithium Fluoride Crystal 
The lithium fluoride crystal was obtained from Harshaw 
Chemical Company of Cleveland, Ohio. The physical dimensions 
are 1/4" by 1" by 2". The crystal is cut so that the (111) 
plane is parallel (! 1°) to the exposed faces. Fig. (6.02) is 
a photograph of the lithium fluoride cyrstal. 
B. Polycrystalline Samples 
1. A Series 
The A series consists of 30 4-mil samples. They are 
classified as equal permeability, cube-on-face with cube edge 
direction well aligned. The grain size is mixed with grains 
varying from 1 to 10 rnm. A typical sample is represented in 
Fig. (6. 03). 
2. B Series 
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classified as equal permeability, cube-on-face with cube edge 
direction very well aligned. The grain size is mixed with the 
majority of grains being about 0.1 mm. Maximum size rarely 
exceeds 3 or 4 mm. A typical example is presented in Fig. (6.04). 
3. C Series 
This series consists of 50 11-mil samples. They are 
classified as cube-on-edge. A typical sample is presented 
in Fig. (6. 05). 
4. D Series 
This series consists of 35 4-mil samples. They are class-
ified as oriented T.* The orientation is approximately (120) 
[001]. The macrostructure appears as large laminar grains. 
Actually the grain size is much smaller, varying from 0.1 mm. 
to 0.6 mm. This series is presented in Fig. (6.06). 
5. E Series 
This series consists of 35 12-mil samples. They are class-
ified as equal permeability, cube-on-face with cube edge dir-
ection not aligned. The grain size of this series is quite 
variable. Some grains are as large as 30 mm. in diameter while 
others are about 1 mm. The small grains are clustered at the 
grain boundries between the large grains. Fig. (6.09) illustr-
ates this grain size variance. 
*Armco Steel's Designation for this series 
6. F Series 
This series consists of 20 25-mil samples. They are 
classified as hot-rolled M-22 semi-processed, fairly random 
but still exhibiting directional properties. Fig. (6.07)-
and Fig. (6.08) are photographs of the microstructure of a 
typical sample. The grain size is small with a maximum of 
about 0.1 mm. 
7. G Series 
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This series consists of 30 11-mil samples. They are 
classified as M-4 grain oriented. The grain size is fairly 
uniform, varying between 1 and 5 mm. This series is presented 
inFig. (6.10). 
8. H Series 
This series consists of 50 6-mil samples. They are 
classified as equal permeability, cube-on-face with cube edge 
direction fairly well aligned. Grain size varies from 1 to 15 
mm. Fig. (6.11) illustrates this series. 
With the exception of the C series, a chemical analysis, 
magnetic permeability and electrical wattage losses are tabulated 
in Table (6.01). The C series was obtained separately from the 
rest of the samples. The only information available is its silicon 
content which 1s ~.19%. 











CHEMICAL ANALYSIS) MAGNETIC AND ELECTRICAL PROPERTIES 
Analysis (Percent) Permeability Watt Loss/Lb. 
Classification c Mn ....§.._ _g_ Al 10 Oersteds _l5 Kg 
2 Mil Equa Perm 0.001 0.082 0.001 3.10 0.006 1920 0.40 
4 Mil Equa Perm 0.0015 0.044 0.001 2.98 0.006 1882 0.50 
6 Mil Equa Perm 0.0015 0.044 0.001 2.98 0.006 1800 0.56 
12 Mil Equa Perm 0.002 0.065 0.001 2.74 0.006 1685 0.96 
4 Mil Oriented T * 0.003 0.08 0.001 3.15 0.006 1800 0.6 
11 Mil M-4 Grain 0.003 0.08 0.001 3.15 0.006 1800 0.52 
Oriented * 
lffi M-22 Semi Processed * 0.01 0.25 0.01 2. 90 0.35 
*These analyses and tests are not actual but are based on grade averages. 
No magnetic tests are given for the HR M-22 as none are made in this condition. 
Physical and mechanical tests are not made on these grades. V1 
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A- Series, 4% Nital Etch, (lX) 
Figure (6.03) 
B-Series, As Rolled, (lX) 
Figure (6 . 04) 
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C- Series, 4% Nital Etch, (lX) 
Figure (6.05) 





E- Series, 4% Nital Etch, (lX) 
Figure (6 . 07) 
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F-Series, 4% Nital Etch, (126X) 
Figure (6 . 08) 
F-Series, 4% Nital Etch, (252X) 
Figure (6 . 09) 
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G- Ser ies, 4% Nital Etch, (lX) 
Figure (6. 10) 
H-Series, As Rolled (lX) 
Figure (6 . 11) 
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VII. DISCUSSION OF EXPERIMENTAL RESULTS 
A. Neutron Spectrometer Parameters 
The resolution of a neutron spectrometer at energy E is often 
expressed in terms of 6E/E, where ~ is the full width half maximum 






69 = full width half maximum of rocking crystal curve 
from single crystal, (deg.) 
g 
= Bragg angle, (deg.) 
A plot of E/6E versus E is illustrated in Fig. (7.01) for the copper 
crystal utilizing data obtained from the gaussian analysis of the 
data displayed in Fig. (7.02). 
The function 6E/E may also be approximated by the relationship. 
Where: 
6E = kEl/2 
E 
7.02 
k = a constant of the spectrometer and crystal 
-1/2 
For the UMR spectrometer, k = 0.722 ev. It is more cus-
tomary to express the "resolution width" in terms of a slightly 
different parameter, K, which is the uncertainty in the time of 
flight divided by the total flight path. 
If k is in units of (ev.) 1 12 and K is in units of (~ sec./m.). 
K = 36.15k 7.03 
For the UMR spectrometer, K = 26.1 ~ sec./m. This value is 
considerably larger that that presently obtained for various other 
spectrometers. Since the UMR spectrometer is a single crystal 
diffractometer and the research involved within this paper did not 
require as small of value for K as would be required for such work 
as the separation of resonance levels or similar endeavors, it was 
found to be adequate for orientation studies. 
K is a function of collimation and the crystal. K can be 
reduced by using crystal planes of higher Miller indices. But 
unfortunately the crystal reflectivity drops rapidily for higher 
index planes. This places a practical limit for this method 
of improving the spectrometer. 
Another method would consist of improving the collimation. 
The angular resolution is related to the energy resolution by 
Eq. (7.01) and Eq. (3.19). 
Recalling Eq. (3.19): 
9 = FWHM = 7.04 
Where: 
a= collimation divergence (angular resolution) 
S = FWHM of gaussian distribution for mosaic structure 
With the crystal choice fixed, the only way to decrease the 
resolution width is to decrease ~9. This can be done by decreasing 
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the collimator divergence. The collimator for the UMR spectrometer 
is a compromise between obtaining a good resolution and an adequate 
beam intensity. Due to the increased beam intensity resulting from 
the reactor power increase from 10 kw to 200 kw, it would be per-
missible to decrease the cross-sectional area of the collimator. 
The decrease in intensity is proportional to the square of the 
increase in collimation. 
An increase in collimation could also be obtained by the 
construction of a Soller collimator. A Soller collimator is 
several collimators placed beside· each other, each one having 
the desired small divergence. 
The BF3 counter is positioned on a track on the counter arm 
and the distance between it and the sample may be varied. The 
BF3 counter was 24" from the sample during the experimental runs. 
To position the counter at a greater distance would have improved 
the resolution but decreased the neutron count rate. 
For the UMR spectrometer the angular resolution as measured 
from the full width at half maximum of the neutron beam intensity, 
is 2.52°. The angular divergence of the neutron beam is illustrated 
in Fig. (11~07). 
If it is assumed that the full width at half maximum (S) for 
the mosaic structure of the copper crystal is very small compared 
to the angular resolution, the angular resolution may be calculated 
by Eq. (7.04). By this method the angular resolution equals 2.30° 
~0.14°. 
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The neutron beam intensity departed sightly from a gaussian 
distribution. The curve had a full width at half maximum that was 
slightly greater than could be fitted by a gaussian distribution. 
This explains the deviation in the two estimates of angular 
resolution. 
The reproducibility of the spectrometer is 0.005°. This 
parameter was quite adequate for orientation studies. Improvement 
of this value is limited by physical design of the spectrometer. 
All figures contain neutron diffraction data are photographs 
of the data displayed on an oscilliscope. The relative intensity 
is plotted on the ordinate and angle theta on the abscissa~ The 
relative intensity is used instead of absolute intensity because 
of variances such as different reactor power, different settings 
in amplifier gain, etc. For a given figures these parameters are 
constant and it is not necessarily meant for one figure to be ·com-
pared to another figure. It should be noted that more than one 
curve may be plotted on the abscissas with each curve having its 
own range of theta. The starting angle (90 ), angle increments 
between data points (~e) and crystal plane (hk~) are listed for 
each curve or groups of curves unless otherwise specified. The 
curves are listed and numbered numerically from left to right. 
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B. Single Crystal Results 
Two single crystals were used to determine the most probable 
neutron velocity for the UMR nuclear reactor. A description of 
these crystals may be found in Section VI. Three runs were made 
with each crystal to obtain an average value for the most probable 
velocity. Each run was evaluated by two separate methods. 
The first method (slope method) involved the solution of 
Eq. (3.46). 
Where: 
v = v/(2.25 - a/(2(exp(a)-l) + tan2 (9)] 
0 
3.46 
v 0 =most probable neutron velocity, (m.) 
v = velocity corresponding to maximum in neutron count 
rate distribution 
Q = angle corresponding to maximum in neutron count 
rate distribution 
a = -3.187vth/v 
vth= 2200 m. 
The second method (least squares method) was the solution of 
Eq. (3.48) by the computer program listed in Appendix D. This 
method involves a solution for three parameters; a scaling factor, 
a weighting factor for the linear combination of Eq. (3.43) and 
Eq. (3.47), and the most probable velocity by least squares analysis. 
CRl = c 5 [ 1-exp(-l:vth/v) ] v4.5exp [ -(v/v0 )




CR p*CRl + (l-p)*CR2 3.48 
Results of the various runs are tabulated in Table (Y.Ol). 
A LiF crystal tends to be more perfect than a metal crystal 
such as copper and to have a lower intrinsic reflectivity. The 
count rate from a small perfect crystal is represented by Eq. (3.47). 
The count rate from a large real crystal is empirically stated by 
Eq. (3. 43). 
The count rate from the large metal copper crystal should tend 
toward a weight of p = 1, while the count rate from the LiF crystal 
should have a weight of p<l. 
The solutions by the slope method gave a wide variance of 
answers. The values from the LiF runs would be expected to be 
low because Eq. (3.46) has an inherent value of p = 1. This was 
seen to be the case. The average value from the LiF runs (2140 m./ 
sec.) was 400 m. less than the average value for the copper runs 
(2548 m./sec.). 
The least squares method is the more accurate of the two methods. 
The avenage of the most probable velocity for the six runs is 2432 m./ 
·+ s~c.-50 m./sec. The error bound is broken down as follows: 
10 m./sec. for statistical deviation, 30 m./sec. for reactor pool 
temperature variance, and 10 m./sec. for angle inaccuracy. p had 
an average value of 1.0 for copper and 0.42 for LiF. 
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The numerical data for these runs is listed in Appendix I. 
Fig. (7.03), Fig. (7.04), Fig. (7.05), and Fig. (7.06) are examples 
of typical single crystal runs. 
It is impossible to deduce the full width at half maximum of 
the mosaic distribution for the copper and LiF single crystals 
because of the large angular resolution of the spectrometer. The 
full width at half maximum of the copper rocking crystal curve in 
Fig. (7.03) is 1.60° and of the rocking crystal curve in Fig. 
(7. 05) is 1. 70°. 
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TABLE (7.01) 
RESULTS OF SINGLE CRYSTAL ANALYSIS 
Slope Method Least Squares Analysis 
Run No. v 0 {m/sec} v0 {m/sec} _.E._ 
Cu ffl 2518 2453:14 1.0 
Cu ff2 2549 2426:11 1.0 
Cu 413 2579 2486±8 1.0 
Average 2548 2455:!:'11 1.0 
LiF :ffl 2084 2394"±"5 0.41 
LiF 112 2225 2434"±6 0.28 
LiF 1fo3 2111 2398:12 0.56 
Average 2140 2408±8 0.42 




































































Copper Crystal Maxwellian Distribution with Background, 
Runs 132 and 133 
Figure (7.04) 
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Lithium Fluoride Maxwellian Distribution with Background~ 




C. Silicon Steel Results 
1. Sample Stacking 
One important advantage of neutrons over x-rays in dif-
fraction work with metals is the greater penetrating power of 
neutrons. The absorption coefficient for neutrons is much less 
than for x-rays for most materials. While x-ray work is usually 
limited to sample thicknesses of only a few mils, neutron dif-
fraction may be used to investigate samples considerably thicker. 
To demonstrate this, rocking crystal curves were run for 
two separate sheets of silicon steel. A rocking crystal curve 
was then run of the two sheets stacked together to show that 
diffraction would occur from the second sheet. Fig. (7.07) 
is a rocking crystal curve for sample C-Ol, Fig. (7.08) is a 
rocking crystal curve for sample C-02, and Fig. (7.09) is a 
rocking crystal curve for samples C-01 and C-02 stacked to-
gether. The sheets in the C-series have a thickness of 11 mils, 
therefore the stack is 22 mils thick. The grain size for the 
C-series varies between 1 and 5 mm. The rocking crystal curve 
in Fig. (7.09) is a linear sum of the separate rocking crystal 
curves for C-Ol and C-02. This shows that diffraction did occur 
from the second sheet. This also means that stacking of samples 
will be feasible. 
The cluster of peaks are the results of the large grains 
of the C-series material. The beam appears to have been dif-
fracted by only four or five different grains in each sample. 
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The mosaic structure of the individual grains is of the order 
of magnitude of that of the single crystals of copper and LiF. 
This can be deduced from the full width at half maximum of the 
individual peaks. The total angular spread is about 20° for 
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Rocking Crystal Curve C-01 and Stacked, Run 23, Figure (7o09) 
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2. Sample Reflectivity 
According to Bacon and Lowde (lB), the reflectivity from 
a non-absorbing real crystal is proportional to the square root 
of the sample thickness. . (42) EugenJ..o .,dso reached the same 
conclusion from an analysis of his data. 
A series of runs was made to investigate crystal reflect-
ively as a function of sample thickness. Four runs, each on a 
sample of different thickness was performed. Fig. (7. 10) is a 
plot of the rocking crystal curves from samples B-01, A-01, 
H-01, and E-01 with thicknesses respectively of 2 mils,. 4 mils, 
6 mils, and 12 mils. Fig. ("7 .11) is a plot of the peak ampl-
itudes for the gaussian fits to the rocking crystal curves 
versus the sample thicknesses. In tJw range covered by the 
data the relationship of crystal t:'l'~flectivity to sample thick-
ness is linear instead of a square root proportionality predicterl. 
Several other variables besides sample thickness also 
effect crystal reflectivity. Three of these are mosaic strut-
ure, sample surface roughness, and grain siz£~. Mosaic struct-
ure roughness and grain size and distribution may change the 
reflectivity by a factor of 2 or 3. 
The full width at half maximum's for the rocking crystal 
curves are 5.75° 1 3.47°, 3.41°, and 3.95°. The full width at 
half maximum for the 2-mil material ~xplalns why its value is 
one half the expected value as compared to the other three 
samples. 
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In order to investigate the sample reflectivity further, 
a series of runs was made to determine the extent of the linear 
proportionality of the crystal reflectivity. A series of 
rocking crystal curves were obtained by stacking samples from 
the B-series. The first sample had 5 2-mil sheets, with 5 
additional sheets added in each subsequent run. Fig. (7.12) 
displays the series of rocking crystal curves, (Runs 92-100), 
used to obtain the graphical display in Fig. (7.13). As can 
be seen in Fig. (7.13), the linear region for the 2-mil sample 
extend to about 50 mils, (25 samples). For sample thicknesses 
greater than 50 mils the reflectivity decreases toward a square 
root proportionality. 
A weighted average of the rocking crystal curves gives a 
full width at half maximum of 5.16°. The individual full width 
at half maximum's varied only slightly from this value indicating 
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88 
3. Mixing Samples of Different Orientations 
Sheets 1 through 13 from the C-series, (110) [001],· and 
the A-series, (100)[001], were used to investigate the stack-
ing of samples of different orientation. The idea was to see 
if the presence of different orientation at various depths with 
in a sample could be observed and meaningful information obtained. 
Fig. (7.14) is the rocking crystal curves for C(Ol-13) and the 
A-series. As can be seen from this figure, the full width at 
half maximum for the C(Ol-13) series is much greater than that 
for the A-series. From the gaussian fits to the experimental 
data, the full width at half maximum's are 14.2° and 4.0°. 
Using Eq. (4.01), the full width at half maximum's of the grain 
distributions are 14.1° and 3.7°. The rocking crystal curve 
for the C(Ol-13) series has a ragged appearance. This is due 
the smaller number of grains contributing to the diffraction 
pattern as compared to the A-series. The C(Ol-13) rocking crys-
tal curve also has a secondary peak +5.0° from the main orient-
ation. This is caused by a large grain oriented about -4.5° 
from the rolling plane. 
Fig. (7.15) displays the rocking crystal curves for three 
different stacking arrangements. The stacking arrangements are 
C(Ol-13) +A-series, A-series + C(Ol-13), and A-series and 
C(Ol-13) mixed together to obtain a homogeneous series. 
If the samples had a neutron absorption coefficient of 
zero and no extinction effect, the three rocking crystal curves 
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would be a linear sum of the separate rocking crystal curves. 
A beam of neutrons will be reduced by about 15% in intensity 
during passage through 0. 250" of 3% Si steel. Neglecting 
extinction this means that the last sheet in the stack would 
be weighted by 0.85 as compared to a weight of 1.0 for the 
first sheet. 
In any real sample, secondary extinction plays a very 
important role. Once the sample thickness has passed the 
region of linear proportionality, the weight for a given 
sheet becomes proportional to the square root of the thickness 
of sample to its position in the stack times the correction 
for neutron absorption. This will greatly complicate the 
analysis of stacked samples because the resulting curves will 
not be a linear sum of the individual sheets. 
As can be seen in Fig. (7.15), the three rocking crystal 
curves are not identical. Each is characterized by the stack-
ing ordeL The dominate characteristic of the curve being 
determined by the thickness of samples corresponding to the 
linear portion of crystal reflectivity. 
Fig. (7 .16) and Fig. (7 .17) are the maxwellian distribut-
ions corresponding to the rocking crystal curves in Fig. (7.14) 
and Fig. (7.15). The maxwellian distribution for the A-series 
exhibits a secondary peak. This is due to a build-up from a 
secondary orientation of (211). This phenomena will be dis-
cussed in Section VII. C.4. 
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The maxwellian distributions contain peaks corresponding 
to all of the crystal planes present in the stacked samples. 
But the curve shape and peak height are functions of the stack-
ing arrangment. The distribution corresponding to the homo-
geneous mixture closely approximates a linear sum of the two 
separate maxwellian distributions. This is because the differ-
ent oriented grains are distributed randomly as a function of 
thickness and no one orientation is segregated to the front or 
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Figure (7. 17) 
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4. Secondary Orientation Peak Build-Up 
A series of maxwellian curves were run for the B-series. 
They are presented in Fig. (7.18) and Fig. (7.19). The samples 
were stacked in increments of 5, 5, 10, 15, 20, and 54, with 
the small groups being formed from different sheets. As the 
number of samples in the stack were increased, peaks were 
build-up corresponding to 110, 211, and 220 crystal planes. 
The prominence of these peaks increased with an increase in 
the number of samples stacked. For 5 sheets the 211 peak was 
hardly discernible, but for 54 sheets the resolution between 
the 200, 211, and 220 peaks is quite distinct. (The orient-
ation is stated as (100) [001] but for the body-centered-cubic 
crystal system h+k+~ must equal an even interger, therefore 
the 100 reflection is forbidden.) Maxwellian distributions 
were also ran for several individual sheets. These distri-
butions showed no appreciable traces of the secondary orient-
ations and it was concluded that the samples were uniform in 
texture. 
This build-up may be explained by the process of secondary 
extinction. For sheets in which the primary orientation is 
highly preferred (95% or greater), the total cross sectional 
area fraction of a given sheet that has the secondary orient-
ation is relatively small (5% or less assuming consistent grain 
size). As the sheets are stacked, the probability of the 
secondary oriented grains being aligned so that secondary 
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extinction may occur is very remote. Therefore the reflect-
ivity from these grains is reduced very little in comparison 
to the effect of secondary extinction upon the diffraction 
from the grains of the primary orientation. 
It is believed that the reflectivity for a secondary 
oriented grain will be proportional to the thickness of mate-
rial between the grain and the face of the stack. This is 
opposed to a reflectivity proportional to the square root of 
sample thickness for a primary oriented grain. This is 
slightly oversimplified as a certain fraction of the primary 
sample will have a region of linear proportionallity. 
Considerable work was done in an attempt to strip the 
component peaks in the maxwellian distribution for the com-
plete A-series. A derivation of a least square technique is 
in Appendix E. If the individual maxwellian scaling factors 
can be obtained, the fraction of secondary orientation can be 
calculated. This calculation will require the structure fact-
ors for the different crystal planes. A discussion of struc-
ture factors may be found in Neutron Diffraction by Bacon(l9). 
Success in this area was not obtained. The least squares 
solution giving the smallest variance gave a negative scaling 
factor for some of the planes. In an attempt to correct this, 
the scaling factor for the primary orientation was fixed at a 
constant value, and the least squares performed to obtain the 
scaling factors for the other peaks. Inconsistent results 
were still obtained. The model was modified to vary between 
a real crystal and a theoretical perfect crystal by changing 
the value of the weighting parameter p in Eq. (3.48). The 
results were still negative. 
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It was concluded that the problem was a breakdown of the 
model. The derivation for the maxwellian distribution is quite 
valid in the range of its peak. It was here being extended 
beyond its range of validity. Eq. (3.43) under estimates the 
neutron count rate for the lower energy region of the max-
wellian distribution. In addition, the stacking of samples 
causes the maxwellian distribution to depart from the relation-
ship listed in Eq. (3.43). As the number of samples increased, 
the peak becomes more pronounced and sharper. Eq. (3.43) does 
not correct for this. The location of the peak is not changed 
and Eq. (3.43) does predict its location correctly. Eq. (3.43) 
also gives very good fits for individual sheets and small stacks. 
It is believed that with further work into the effect of 
stacking, that these problem can be solved. It will be 
necessary to obtain a model that will accurately represent 
the neutron count rate for lower energy neutrons and to take 
into account the sample thickness. 
6 
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5. Transmission Rocking Crystal Curves 
Rocking crystal can be used to determine the scatter or 
deviation from the mean of the orientation. To completely 
define the orientation, diffraction from other than the main 
plane can be quite useful. Transmission diffraction is when 
the diffracted beam passes through the sample. The B-series 
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is classified as (100) [001] oriented with the fOOl] direction 
being well aligned. The (100) plane is parallel to the rolling 
plane. Therefore + or - 45° from this plane will lie a (110) 
plane. If the sample is rotated + or - 45° from the normal 
starting angle for a rocking crystal curve, the rocking crystal 
curve will be from a (110) plane. 
Rocking the (100) plane about the axis defined by the 
neutron beam will give little information in relation to the 
degree of cube edge directional alignment. Rocking the (110) 
plane about this axis will allow the complete directional 
properties to be obtained. 
Due to physical limitation of the goniometer of the 
spectrometer, it is impossible to rock the sample through the 
entire angular range. Also it should be noted that, due to 
the goniometer limitations and the large cross sectional area 
of the neutron beam, for runs other than in the rolling di-
rectionthe samples did not intercept the entire neutron beam. 
This has the effect of lowering the intensity. 
As expected the full width at half maximum for the (110) 
planes corresponded to the full width at half maximum for the 
(100) planes. 
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A series of runs was made with the B-series to investigate 
transmission diffraction. These runs are presented in Fig. 
(7.20) and Fig. (7.21). Run 113 is the rocking crystal curve 
for the rolling direction~ Run 115 is for the cross rolling 
direction~ and Run 116 is for the two directions alternated. 
If the sample would have been large enough to intercept the 
entire beam~ these peaks would have had the same amplitude. 
The amplitude for Run 115 is about 60% of the peak amplitude 
for Run 113. As expected the amplitude for Run 116 which 
should be an average of Run 113 and Run 115 is about 80% of 
Run 113. 
Run 114 and Run 117 are to measure the deviation of the 
(100) plane from the [001] direction. They show that no 
planes are aligned at + or - 45° to the [001] direction. With 
a suitable goniometer~ runs similar to Run 114 could be made 
at various increments of the rocking angle. This would give 






























































































Transmission Rocking Crystal Curves B-Series, Runs 116 and 117 
Figure (7.21) 
6. Cube-on-Face Orientation 
Four different samples of cube-on-face, (100)[001], 
orientations were investigated. A detailed description of 
these samples may be found in SectionVI. With the exclusion 
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of physical properties the samples may be classified as follows. 
B-series, cube edge direction, [001] , very well aligned; 
A-series, cube edge direction well aligned; H-series, cube 
edge direction fairly well aligned; and E-series, cube edge 
direction not aligned. 
For each sample series, maxwellian distributions were 
run to determine the crystal plane parallel to the rolling 
plane. Eq. (3.43) was used to index the maxwellian distri-
butions. For each series the primary orientation was the 
(100) plane parallel to the rolling plane. The maxwellian 
distributions indicated the presence of several secondary 
orientations, (110), (211), and (220). 
To completely specify the orientation, a series of rocking 
crystal curves were run for each set of samples. The rocking 
curves taken included the following types: rolling direction, 
reflection and transmission; cross rolling direction, reflect-
ion and transmission. The transmission curves were taken with 
the sample face -45° to the angle of incidence equals the angle 
of reflection. The transmission diffraction was therefore 
from the (110) family of planes. Ideally rocking crystal 
curves from the (010) and (001) planes would have given the 
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easiest data to interpret, but with the existing sample geometry, 
the intensities from these planes would have been quite low 
compared to the (100) plane for the same counter position. 
Analysis of the rocking curves will determine the direction 
of orientation and the scatter about the mean orientation. The 
peak amplitude and full width at half maximum for the rocking 
crystal curves were determined by the gaussian fit computer 
program. The full width at half maximum for the rocking crystal 
curve is substituted into Eq. (4.01) to determine the full width 
at half maximum of the grain distribution. 
4.01 
The full width at half maximum of the grain distribution 
is used to express the deviation of the grains from the mean 
orientation. Two times the full width at half maximum gives 
a confidence interval of 0.95 that a grain will have the given 
orientation. 
In constructing a pole figure several ratios play a very 
important role. These ratio's are: 
r 1 = (peak amplitude reflection rocking crystal curve, 
rolling direction)/(peak amplitude transmission 
rocking crystal curve rolling direction) 
r 2 = (peak amplitude reflection rocking crystal curve, 
cross rolling direction)/(peak amplitude transmission 
rocking crystal curve, cross rolling direction) 
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I 3 = (peak amplitude reflection rocking crystal curve, 
rolling direction + 45°)/(peak amplitude transmission 
rocking crystal curve, rolling direction + 45°) 
For a perfectly aligned sample 1 1 = r 2 and r 3 = oo • The 
smaller the ratio r 3 , the poorer the alignment of the cube 
edge direction. 
Fig. (7.22} and Fig. (2.23) are maxwellian distributions 
for the rolling direction and cross rolling direction for the 
B-series. Fig. (7.24) and Fig. (7.25} are transmission max-
wellian distributions for the rolling and cross rolling dir-
ections. The sample was positioned -45° from the angle of 
incidence equals the angle of reflection. 
The background for the maxwellian distribution in the 
rolling direction was obtained by the crystal offset method. 
The crystal is off-set by + or - an angle equal to the full 
width at half maximum of the rocking crystal curve. 
Fig. (7.26) shows a rocking crystal curve and its corres-
ponding background level. The background was obtained by 
running the curve without a sample. This method thereby 
neglects incoherent scattering from the sample. Subsequent 
investigations showed that 90% of the background was due to 
random counter noise. The linear nature of the background 
assures an accurate solution when the experimental data is 
fitted to a gaussian distribution by the computer program. 
Fig. (7.27) and Fig. (7.28) display the rocking crystal 
curves used in construction the pole figure in Fig. (7.29). 
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For the B-series 95% of the grains lie within +or - 5.1° 
of the rolling plane in the rolling direction, and + or - 4.0° 
in the cross rolling direction. The cube edge direction has a 
95% probabilitly of being within + or - 5.8° of the [001] 
direction. 
Fig. (7.30) is the maxwellian distribution from the A-series. 
Fig. (7.31) and Fig. (7.32) display the rocking crystal curves 
used in constructing the pole figure in Fig. (7.33). For the 
A-series 95% of the grains lie within+ or - 3.6° of the rolling 
plane in the rolling direction and + or - 4.2° in the cross 
rolling direction. The cube edge direction has a 95% pro-
bability of being within+ or- 4.9° of the (001) direction. 
Fig. (7.34) is the maxwellian distribution for the H-series 
rolling direction. Fig. (7.35) is the maxwellian distribution 
for the H-series cross rolling direction. A comparison of the 
two maxwellian distributions indicated the primary orientation 
is the (110) plane parallel to the rolling plane, but from the 
appearance of the cross rolling distribution the plane appears 
to be rotated about th~ [001] direction. Fig. (7.36) and Fig. 
(7.37) are the rocking crystal curves for the H-series. From 
these curves, the pole figure in Fig. (7.39) is constructed. 
Due to limited data, this pole figure can only be classified as 
a rough schematic. 
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The grains are well oriented in the rolling plane with 
respect to the rolling direction. About 50% of the grains have 
{100) planes that lie within + or - 5° of the rolling plane 
with respect to the cross rolling direction. The balance 
appear to be randomly distributed about the 001 axis. The 
grains have a 95% probability of being within + or - 4.2° of 
the rolling plane with respect to the rolling direction. 
About 25% of the grains are oriented with their cube edge 
direction + or - 5° of the [001] direction. The balance are 
distributed about the tlOO] direction. 
In summary, the H-series exhibits preferred orientation 
but contains considerable scatter about the mean orientation. 
Fig. (7.40) is a rocking crystal curve for the rolling 
direction of the E-series and Fig. (7.41) the corresponding 
maxwellian distribution. The maxwellian distribution indicates 
a significant proportion of secondary orientation. The rocking 
crystal curves in Fig. (7.42) and Fig. (7.43) were used to 
determine the orientation of the E-series and to construct 
the pole figure in Fig. (7.44). Due to limited data this pole 
figure can only be classified as a ~ough schematic. 
The (100) plane of the grains are oriented quite well. 
95% of the grains are within + or - 5° of the rolling plane 
with respect to both rolling direction and cross rolling 
direction. However the cube edge direction does not appear 
to highly oriented. There appears to be a concentration of 
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cube edge directions about the rolling direction and about 
the rolling direction+ 45°. The concentration about the 
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A grain has a 
95% probability 
having its pole lie 
within the shaded area. 
The cube edge direction 
is fairly random with concen-
tration of pole in RD, CRD, 
and RD+45 . Meridian stereonet drawn to 2° intervals 







7. Cube-on-Edge Orientation 
Two different series of cube-on-edge, (110)[001], 
orientation were investigated. A detailed description of these 
samples may be found in Section VI. 
For each sample series, maxwellian distributions were run 
to determined the crystal plane parallel to the rolling plane. 
The peaks were indexed with the use of Eq. (3.43). For both 
series the primary orientation was the (110) plane parallel to 
the rolling plane. The maxwellian distributions indicated 
that the presence of secondary orientations, if any, was 
minute. 
To completely specify the orientations, a similar sequence 
of data is necessary for the cube-on-edge orientation as was 
needed for the cube-on-face. However the data must be inter-
preted slightly different. If a grain is oriented (110)[001], 
the (110) planes will be located + or - 45° to the cross rolling 
direction and perpendicular to the rolling direction. It is 
therefore necessary to investigate the sample by a transmission 
rocking crystal curve in the rolling direction with the sample 
face + or - 90° to the angle of incidence equals the angle of 
reflection. 
Let us define the following ratios: 
r
4 
= (peak amplitude reflection rocking crystal curve, 
rolling direction)/(peak amplitude transmission 
(~90°) rocking crystal curve, rolling direction) 
Is = (peak amplitude reflection rocking crystal curve, 
rolling direction)/(peak amplitude transmission 
(!4S 0 ) rocking crystal curve, rolling direction) 
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I 6 = (peak amplitude reflection rocking crystal curve, 
cross rolling direction)/(peak amplitude transmission 
(~4S 0 ) rocking crystal curve) 
I 7 = (peak amplitude reflection rocking crystal curve, 
rolling direction +4S 0 )/(peak amplitude transmission 
(±4S 0 ) rocking crystal curve, rolling direction +4S 0 ) 
For a perfectly aligned sample I 4 <1, Is= oo, I 7 = oo, and 
I64. If either Is or I7 or both are small numbers, e.g. 10 
or less, this indicates considerable scatter about the mean 
orientation. 
The C-series was investigated first. Fig. (7.45) and Fig. 
(7.46) are rocking crystal curves of the rolling direction 
C(Ol-25) series. Fig. (7.4S) displays a rocking crystal curve 
where the 68 increment is 0.1°. The curve in Fig. (7.46) has 
an increment of 0.5°. The rocking crystal curve in Fig. (7.46) 
indicates two peaks about a mean orientation. Fig. (7.47) and 
Fig. (7.48) are maxwellian distribution corresponding to the 
two peaks. Both maxwellian distributions were the result of 
diffraction from (110) planes. Fig. (7.49) is a maxwellian 
distribution for the C(26-SO) series. It also is for a (110) 
124 
orientation. Fig. (7.50) is a maxwellian distribution for a 
single sheet C(Ol). The peak location for the (110) plane is 
at the same angular position for each different maxwellian 
distribution. 
Fig. (7.51} displays three rocking crystal curves for the 
C(Ol-25) series. They are for the rolling direction, rolling 
direction +45°, and the cross rolling direction. From these 
curves is can be seen that the (110) plane is oriented quite 
well with respect to the rolling plane. 
For the C-series 95% of the grains have their (110) plane 
oriented within+ or- 11° of the rolling plane with respect 
to the rolling direction, and + or - 10° with respect to the 
cross rolling direction. The grains are grouped in two peaks 
+ and - 3° from the rolling plane in the rolling direction. 
The grains appear to be oriented very close to the [001] 
direction. 
The G-series was investigated in more detail than the 
C-series. Fig. (7.52) is a maxwellian distribution with 
background for the G-series rolling direction. The maxwellian 
distribution indicated that the (110) plane was parallel to the 
rolling plane. The shape of the maxwellian distribution also 
indicated that the (110} plane was well aligned with respect 
to the rolling direction. Fig. (7.53) displays reflection 
rocking crystal curves for the G-series. Comparing the rolling 
direction and cross rolling direction rocking crystal curves, 
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it can be seen that the (110) plane is poorly oriented in the 
rolling plane with respect to the cross rolling direction. 
Fig. (7.54) and Fig. (7.55) are transmission rocking 
crystal curves. With the exception of Run 59, which is a +90° 
transmission, the runs are -45° transmissions. The absence of 
a peak in Runs 50 and 55 indicate that the (110) plane is 
aligned very close to the [001] direction. Comparison of Runs 
57 and 69 confirmed that the (110) plane is rotated about the 
~OD direction. The rocking crystal curves in Fig. (7.31), 
Fig. (7.54) and Fig. (7.55) were used to construct the pole 
figure in Fig. (7.56). 
The orientation of the G-series is (110)[001]. 95% of 
the grains are oriented + or - 10° of the rolling plane with 
respect to the rolling direction. About 25% of the grains 
are oriented + or - 10° of the rolling plane with respect to 
the cross rolling direction. The balance are distributed 









































Rocking Crystal Curve C-Series 
Rolling Direction, Run 12 
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Maxwellian Distribution C(26-SO) 
Rolling Direction; Run 16 
Figure (7. 49) 
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Maxwellian Distribution C(Ol) 
Rolling Direction, Run 21 
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Rocking Crystal Curves C(Ol-25), 
Runs 14, 17, and 15 
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Maxwellian Distribution and Background for G-Series 
Rolling Direction, Runs 52 and 58 
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Meridian stereonet drawn to 2° intervals 




The percentage listed 
in each region corresponds 
to the probability of a 
pole for a given grain 
being in that region 
times 0.95. 
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8. Oriented T 
The G-series (oriented T) was classified as oriented 
approximately (120) [001]. The (120) plane is not a per-
missible reflection for a body-centered-cubic material. The 
(120) orientation means that the (110) plane is canted about 
20° from the rolling plane in the cross rolling direction. 
Investigation of this series showed that a plane was oriented 
with a very wide distribution with respect to the rolling 
plane. The rocking crystal curve for the rolling direction 
showed that the (110) plane was oriented such that the peak 
maximum was +5° from the rolling plane. The rocking crystal 
curve for the cross rolling direction indicated that the plane 
had a mean orientation of + 8° from the rolling plane. The 
maxwellian distributions corresponding to these curves indi-
cated that the plane was (110). Fig. (7.57) 7 Fig. (7.58), 
Fig. (7.59), Fig. (7.60), and Fig: (7.61) are various curves 
for this series. 
The (120) [001] classification of this series does not~ 
indicate the true orientation of this sample. It can more 
correctly be classified as (110) [001] with the mean orient-
ation of the (110) plane off-set + 5° in the rolling direction 
and + 8° in the cross rolling direction. Limited data made 
construction of an accurate and complete pole figure impossible. 
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Rocking Crystal Curve D-Series 
Cross Rolling Direction, Run 27 
Figure (7. 59) 
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Maxwellian .. Distribution D-Series 
Cross Rolling Direction, Run 28 
Figure (7. 60) 
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Rocking Crystal Curve D-Series 
Cross Rolling Direction, Run 142 
Figure (7. 61) 
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9. Hot Rolled M-22 Semi-Processed 
The F-series is classified as being close to random in 
orientation. Fig. (7.62) displays rocking crystal curves for 
the rolling and cross rolling directions. The curves are over 
an angular range of 35°. TheE-series does exhibit some dir-
ectional properties as the curve does have a maximum. The max-
wellian distributions in Fig. (7.63) and Fig. (7.64) are quite 
broad and diffused. 
There appears to be a mean orientation of grains + 10° 
to the rolling plane in the rolling direction and about the 
rolling plane in the cross rolling direction. From the max-
wellian curve in Fig. (7.64), the plane having this slight 
preferred orientation is the (110) plane. Construction of an 
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Maxwellian Distribution F-Series Cross 
Rolling Direction, Run 50 
Figure (7. 64) 
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10. Summary of Electric Steels 
In summary, the various sample were found to have the 
following orientations: 
1. B-series: 95% of the grains are oriented such that the 
(100) plane is in the rolling plane with a deviation of 
± 5. ln in the rolling direction and ± 4.0° in the cross 
rolling direction, and the cube edge direction has a 
+ deviation of - 5.8° from the [001] direction. 
2. A-series: 95% of the grains are oriented such that the 
(100) plane is the rolling plane with a deviation of ± 
3.6° in the rolling direction and ! 4.2° in the cross 
rolling direction, and the cube edge direction has a 
+ deviation of- 4.9° from the [001] direction. 
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3. H-series: 95% of the grains are oriented such that the 
(100) plane has a deviation of ~ 5° from the rolling plane 
in the rolling direction, 50% are oriented such that the 
(100) plane has a deviation of ! 5° from the rolling plane 
in the cross rolling direction. The balance of the grains 
are random in the cross rolling direction. About 25% of 
+ 
the grains have the cube edge direction aligned 5° of 
the [001] direction with the balance random. 
4. E-series: 95% of the grains are oriented such that the (100) 
+ plane is in the rolling plane with a deviation of - 5° in 
both the rolling direction and cross rolling direction. 
The cube edge direction is not aligned, but does concentrate 
in the rolling direction and the rolling direction+ 45°. 
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5. C-series: 95% of the grains are oriented such that the 
(110) plane is in the rolling plane with a deviation of 
± 11° in the rolling direction and ± 10° in the cross 
rolling direction. The grains are grouped in two peaks 
± 3° from mean orientation in rolling direction. Orient-
ation is close to [001] direction. 
6. G-series: 95% of the grains are oriented such that the 
(110) plane has a deviation of ± 10° from the rolling 
plane in the rolling direction, 25% are oriented such that 
the (110) plane has a deviation of ± 10° from the rolling 
plane in the cross rolling plane. The balance of the grains 
are random in the cross rolling direction. 
7. D-series: The grains are oriented such that the (110} 
plane has a mean orientation from the rolling plane of 
+ 5° in the rolling direction and + 8° in the cross rolling 
direction. The distributions are quite broad. 
8. F-series: The grains are oriented fairly random but do 
exhibit a slight orientation + 10° of the rolling plane 
in the rolling direction. 
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11. Laue Curve Analysis 
If the sample is kept fixed at a given angle and the 
detector rotated, a curve will result that has peaks at twice 
the Bragg angle for the various crystal planes. It is diffi-
cult to index a Laue curve because the wavelength corresponding 
to a given peak can not be determined with resource to a max-
wellian distribution. Fig. (7.65) is a Laue curve for the 
A-series. The sample was fixed at -20° to the neutron beam 
and the counter rotated from a starting angle of +5°. The 
curve was indexed from knowledge of the already determined 
primary orien~ation. The secondary orientation was evident 
in the Laue curve. The peak at 35° would result from a (110) 
secondary orientation. 
In general a Laue curve is useful only as a check of the 
results obtained from the rocking crystal curves and maxwellian 
distribution. 
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Laue Curve A-Series Rolling Direction, Run 77 
Figure (7. 65) 
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D. Neutron Photography 
A number of runs were made in an attempt to obtain a Laue 
pattern photograph by the use of neutrons <55). The film used was 
12" by 12" type KK and type AA x-ray film. These films have been 
used successfully in the field of neutron radiography for a number 
of years. A direct method employing a 1/1611 cadmimum sheet and a 
transfer method employing 0.00511 indium sheets both proved unsuccess-
ful. 
Before neutron Laue ~hotographs can be obtained several mod-
icifations will be necessary. The large cross sectional area of 
the neutron beam coupled with the scatter of mean orientation (95% 
0f grains usually within ±5e of mean orientation), produced spots 
so large and diffused that observations were difficult• The low 
peak to background ratio is a significant problem. Construction 
of additional shielding will help alleviate this problem. 
E. Neutron Cross Section Studies 
An attempt was made to determine the total neutron cross 
section of cobalt as a function of energy. The neutron spectrum 
was measured without the cobalt and with the cobalt in front of 
the neutron counter. Results were poor because random counter 
noise caused appreciable error in the region of low cross section. 
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VIII. SUMMARY AND CONCLUSIONS 
The UMR spectrometer can be used for various research endeavors. 
With several modifications it will be capable of doing quite sophisti-
cated research. There is sufficient neutron flux level that improve-
ment in collimation of the spectrometer would not greatly increase the 
experimental run time. 
Eq. (3.43), Eq. (3.47), and Eq. (3.48) may be used to determine 
the most probable velocity of the neutron core. The results from three 
runs with each single crystal, (copper and LiF), were averaged to ob-
tain the most probable velocity. The most probable velocity for the 
UMR reactor is 2432 ±50 m./sec. This corresponds to a most probable 
0 
neutron wavelength of 1.63 A and a neutron temperature of 86°C. 
The angular resolution for the spectrometer is 2.3°. This value 
was calculated from single crystal rocking curve data. The value is 
too large in comparison to the mosaic structure of single crystals 
to determine the full width at half maximum of the gaussian distri-
bution for the mosaic structure of the single crystals. 
Most of the theories that are applicable to large crystals may 
be extended to highly oriented polycrystalline materials without ex-
tensive modification. 
It was found that for a real crystal there is a range of thickness 
where the crystal reflectivity is proportional to sample thickness. 
Once this thickness is exceeded the portion of the crystal in excess 
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of the critical thickness has a reflectivity that tends to become 
proportional to the square root of the thickness. It is believed that 
this is the first time that this area has been systematically studied. 
Stacking of samples is feasible but does have certain drawbacks. 
Once the thickness for the range of linear proportionally of crystal 
reflectivity has been exceeded, a build up of peaks due to secondary 
orientations is observed in maxwellian distributions. This peak build 
up is due to the process of secondary extinctions. The peaks from the 
secondary orientations build up at a rate proportional to sample thick-
ness, while the primary orientation is proportional to the square root 
of the thickness. 
Stacking of samples changes the shape somewhat of the maxwellian 
distribution, but does,not change the location of the peak. It is be-
lieved that is the effects of stacking are investigated further it may 
be possible to determine the exact amount of secondary orientations by 
analysis of the maxwellian distributions. 
It is possible by the previously discussed techniques to accurately 
determine the average orientation of polycrystalline materials. 
Four groups of samples oriented cube-on-face but with different 
degrees of variance of the alignment of the cube edge direction were 
investigated. These samples were classified by Armco Steel as having 
the cube edge direction oriented as follows: very well aligned, well 
aligned, fairly well aligned, and not aligned. Results of this investi-
gation showed that the series classified as well aligned to be better 
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oriented than the series classified as very well aligned. The other 
two series were found to be oriented as classified. The results are 
summarized in Table (8.01). 
For highly oriented samples it is very easy to determine accurately 
the scatter about a mean orientation. This can be done for one sample 
at a time or 50 or more stacked together. For samples not quite so 
highly oriented additional data points are necessary to accurately de-
termine its mean orientation. Replacement of the existing goniometer 
with one allowing sample rocking into the beam and about the beam will 
allow complete pole figures to be constructed for any type and degree of 
orientation. 
Two series of sample oriented (llO)[OOl] were investigated. The 
differences in their orientations were easily obtained. One sample had 
the (110) plane distributed parallel to the [001] direction but distri-
buted about this axis in a fairly random manner except for small con-
centrations in the rolling plane and +45° to the rolling plane. The 
other series was well oriented with the (110) plane in the rolling plane, 
0 
but had the (110) plane grouped in two peaks + and - 3 to the rolling 
plane in the rolling direction. 
A series of samples classified as oriented approximately (120)[001J 
was investigated. Its orientation was found to be slightly different 
than this. Its mean orientation is the (110) plane+ 5° from the rolling 
plane in the rolling direction and + 8° from the rolling plane in the cross 
rolling plane. For a (120) orientation the (110) plane would have been 
displaced 20° from the rolling plane in the cross rolling direction. 
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A series of samples classified as nearly random was investigated. 
This series was found to be as classified but did exhibit some directional 
properties. The (110) plane exhibited a slight concentration + 10° of 
the rolling plane in the rolling direction. 
It is concluded from the investigations described in Section VII 
that the orientation of steel samples can be determined easily and ac-
curately for large numbers of samples by neutron diffraction techniques 






TABLE (8. 01) 
CUBE-ON-FACE ORIENTATION RESULTS 
(100) Plane 
RD 
95% ± 5.1° * 
95%±3.6° 
95% ± 5° 
95% ~ 5° 
CRD 
95% ± 4.0° 
95% ± 4. 2 ° 
50% ± 5° 
95% ± 5° 
!50 
[001] Direction 
Cube Edge Direction 
+ 0 95% 5.8 
+ 0 95% 4.9 
fairly random 
*95% i hi + 5.1° o probability of a grain being oriented w t n -
IX. RECOMMENDATIONS 
A. Equipment Improvements 
The UMR spectrometer is a highly capable machine, but before 
orientation studies can be carried out in greater depth, several im-
provements are necessary. 
Utmost in importance is the construction of a better goniometer. 
The new goniometer should be a full three-circle goniometer and so 
constructed that the centers of all axis of rotations are centered in 
the neutron beam. 
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With a goniometer of this type complete pole figures may be constructed 
for any type oriented material. Without which the orientation of other 
than highly oriented samples is difficult to express. 
High on the priority list is the improvement of the preamplifier 
for the counting system. The present preamplifier tends to have an ex-
cessive noise level. This can be quite troublesome when dealing with 
low count rates. Changing the potential on the tube filaments from AC 
to DC should help correct this problem. 
Another improvement should be the construction of a better collima-
tion system. With this improvement more accurate structure analysis 
can be made. 
An improvement which would help improve the reliability of the 
control system would be a modification to a solid state pulse network. 
There are existing integrated circuits which could be used for this task. 
This would alleviate the maintenance required for the stepping and 
switching relays. 
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The UMR spectrometer is a single crystal spectrometer, that is 
.white neutron radiation is used to investigate samples. Conversion to 
a double crystal spectrometer is feasible at the present flux levels but 
would be more practical when the UMR reactor is upgraded in power to one 
megawatt. 
There is presently available in the UMR reactor facility a neutron 
chopper. With a minimum of effort this chopper could be fastened to the 
shielding tank and used in conjunction with the spectrometer. The 
utilization of these two versatile pieces of equipment would allow time-
of-flight and mono-energetic neutron studies. A source of mono-energetic 
neutrons would allow the study of preferred orientation for complicated 
crystal systems. 
B. Suggested Further Investigations 
Complete pole figures should be obtained for the various sample 
series. This as previously indicated will require a different gonio-
meter. 
With the suggested improvement in collimation the aspects of neutron 
photography should be investigated further. 
Improvements in the counting system will allow the investigation 
of the neutron cross section of various materials. 
An area in which many questions were left unanswered is what is 
the effect of sample stacking. Considerable work was done trying to 
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strip the maxwellian peaks which resulted from secondary orientations. 
Success in this area was not obtained. 
The existing model needs to be modified to more accurately repre-
sent the neutron count rate for the lower energy portion of the maxwellian 
distribution. 
A term representing sample thickness and stacking effects must be 
obtained. It may be possible to represent the crystal reflectivity by 
a function such as: 
T 
R = ~~0 R(t) dt 9.01 
Where: 
R = total sample crystal reflectivity 
R(t)= individual sheet reflectivity 
T = sample thickness 
1 '>4 
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CALCULATION OF COUNTER EFFICIENCY AND SENSITIVITY 
The probability of a neutron of velocity v having had an inter-




E(v,x) = probability that a neutron has been counted in 
the interval 0 ~ 
c == efficiency of black counter 
sBlO 3 
== density of in counter, (atoms/em ) N 
== 
absorption cross-section of 5 
BlO for neutrons of 
velocity of 2200 m/ sec., 3813 bn. 
v == velocity of neutrons, (em/sec) 
X = length of active volume of counter, 32.385 em. 
~' the density of sB10 may be calculated in the following manner: 
11.02 
Where: 
P _ BF3 fill pressure, 760 mm. of Hg. 
Pa - atmospheric pressure, 760 mm. of Hg. 
A Avogadro's number,6.023 x 1023 atom/(gm mole) 
L _number of liters of gas per gram mole, 22.4 .Q./(gm mole) 
@ STP 
R == 5 B
10 enrichment, 96% 
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The absorption cross-section for the counter may be expressed as: 
L: = Nx 11.03 
Where: 
L: = absorption cross-section 
Therefore: 
L: = 3.187 
€(v) = C(l-exp(-3.187vth/v)) 11.04 
Or in terms of neutron energy E: 
€(e) = C(l-exp(-3.187/E/Eth)) 11.05 
The counter had an experimentally measured efficiency for 
neutrons of energy 0.056 ev. of 0.80. Solving Eq. (11.05) for C, 
c 
€(E)/(1-exp(-3.187 vE/Eth)) 11.06 
Therefore: 
c = 0.91 
And: 
€(V) 0.91(1-exp(-3.187vth/v)) 11.07 
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APPENDIX B 
DERIVATION OF LEAST SQUARES FOR HAXWELLIAN ANALYSIS OF SINGLE CRYSTAL 
The neutron count rate from a large real crystal is given by: 
CR 11.08 
This equation contains two unknown parameters, C and v • In this 
0 
form the equation is not applicable to a linear least squares solution. 
Taking the natural log of both sides of Eq. (11.01) converts it 




c1 = £n(C) 
£n(C)+l/2£n(cos(8))+4.5£n(v)-(v/v ) 2 + 
0 
c2 (e,v) = l/2£n(cos(8))+4.5£n(v)+£n(l-exp(-Evth/v) 
c3 = 1/v~ 
£n(CR) 
Since: 
A = 2dsin(e) = h/mv 
11.09 
11.10 
v = h/(2d(sin(8))m) 11.11 
The unknown parameters to be solved for are c1 and c3 . For a 
least squares 
N 




N = Number of data points 
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Taking the partial with respect to c1 of Eq. (11.05) and setting it 
equal to zero yields: 
Let: 
N 
I 0 11.13 
i=l 
Taking the partial with respect to c3 of Eq. (11.05) and setting it 
0 
i=l 
Simplifying Eq. ( 11. 13) and Eq. ( 11,14) yields: 
C1N-C3 .f 
J..=l 
v~ ~ tn(CRi)- ~ c2i 
i=l i=l 
N ~ ~ r 2 4 2 cl vi-c3 v. v. Qn(CR. )-l l l 
i=l el i=l 
N N 
A = L Qn(CR. )-J.. r c2i 
i=l i=l 
B ~ 2 r v~c2 • vi 9n(CR1 )- l l 
i=l i=l 









Eq. (11.17) ;or c 1 and substituting it into Eq. (11.18) yields: 
(l/N)(C2 ~ v~+A) 11.19 J..=l 
N 




c2 = 1/v~ 




c1 = £n(C) 11.22 
C = exp(c1 ) 
APPENDIX C 
DERIVATION OF ERROR ANALYSIS FOR LEAST SQUARES METHOD 
OF DETERMINATION OF MOST PROBABLE VELOCITY 
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A necessary part of any experimental routine is the estimation of 
the accuracy of the answers. Rearranging Eq. (11.09) 
~n(CR.)-(l/2)~n(cos(8))-4.5~n(v.)-1n(l-exp(-Ev h/v))= 
1 1 t 
2 2 ~n(C)-vi/v0 11.23 
Where: 
i refers to the ith data point 
Let us define Y as an N-dimensional vector, X as an N by Z matrix 
and r as a 2-dimensional vector such that: 
N = number of data points 
x. 1 = 1 1, 
x. 2 = -l/v2 1, i 
yl = in(C) = cl 
y2 = l/v2 = s 0 
Therefore: 
y = xr 11.24 
In matrix notation, the least squares estimate is expressed as: 
11.25 
Where: 
r = least squares calculated value for r 





square of the residual 
ci = least squares estimate for cl 
c 2 i as defined in 11-B 
"' S = least squares estimate for s 
estimated variance is defined as: 
"' T 
a2 (Y-X) (Y-X ) 
= N-2 








estimated variance 0 = 





The error in the estimated value of S has the following distribution: 
s-s ~t 
" - (n-2) 
/c22 a 
Where: 
t = t distribution (n-2) 
T -1 
c 22 ; 2,2 element of (X X) 
By elementary matrix manipulation, 
N N 




The t distribution is symmetric about zero and as the number of 
data points approaches infinity, the t distribution approaches the standard-
ized normal distribution. For a practical nnmber, when N ;.: 30 the normal 
distribution tables may be used. 




Pr(t~ta,N) =..( f(t)dt = a 11. 30 
a,n 
Where: 
a = confidence interval desired 
This function is tabulated for various values of C( and N. The fo11 owing 
probability statement may be written: 
11.31 
Where: 
n = tabulated value of t distribution 
±a./2 
If this probability statement is rearranged and expressed in terms of 
the most probable velocity v the following results. 
0 
11.32 
From Eq. (11.32) v
0 
may be expressed with a confidence u£ 1-a to be in 




COMPUTER PROGRAM TO DETERMINE NEUTRON MOST 
PROBABLE VELOCITY AND ESTIMATION OF ERROR BOUNDS 
The data input for the program is as follows: 
1. One card containing up to 80 characters of alphanumeric 
information with an input format of (20A4). 
2. One card containing estimated value for parameter p, with 
an input format of (4X,F6.0). 
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3. One card containing the number of data points, theta starting 
angle, the angle increment, and crystal d-spacing with an input 
format of (115,2F15.8,El5.8). 
4. A set of cards containing neutron count rate. The cards are 
read in until the number of data points specified in the third 
card is reached. The input format is (8(4X,F6.0)). 
5. A set of cards containing the background ior the neutron count 
rate. The cards are read until the number of data points 
specified in the third card is reached. The input format is 
(8(4X,F6.0)). 
For a typical data set of about 200 data points, the computer run 
time is about 3 minutes on an IBM 360-50. 
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C AN EXP ERIMENTAL ROUT I NE TO F IT A MOOIFI EO MA XWELL I AN O I S T ~ I RUTIO~ 
C TO A THE TA-TWO THETA NE UTRON DI FFRACTION CURVF 
c 




DIMENS I ON CR (400 J, RG (400 J,V(400 J , V2 ! 400 ) ,A NG!400 l,THF TAI 40 0 J , 
2C6 (400 ),FIT(4 00 l, OE TAL! 20 ) 
TAN ( XJ=SIN ( X) /COS ! Xl 
C CO~STANT S USED I N PROGRA M 
c 
C H=PLANKS CONS TANT ( ERG-S EC J 
C B=BOLT ZMANN CONSTANT ! ERG/OFG ) 
C G~ MA SS OF NFUTRON ! G~l 




H=6 .625 170E-27 
B= l.3804i'OE- l 6 
G= l. 6740E-2 4 
V T H= .?7.00 00 . 
PI = 3 .14l 59~ 
1 RF A0 (1, 99) OETAL 
WRIT E( 3, 99 J OE TA L 
WRI TE! 2 t99 ) OE TAL 
C NOP=NUMRER OF DATA POINT S 
C OEG= ANGLE I NCPEM~NT I N DFGRFF S 
C OEGO=S TA RTING AN GLE I DEG I 
C D=D SPAC I NG FOR CR YSTAL ! CM) 
c 
2 RF. /I D!l,l0 1) P 
3 RE A0(1,100) NDP , DEG , DE GO , D 
c 
C READ I MPUT DATA 
c 
C CR! I ) =N EUTRON COUNT RAT E AS FUNCTI ON OF POS I TI ON 
C 81. ( I I= BAC KGROUND AS FUNCT ION OF POS t TI ON 
c 
c 
4 READ ( l,lOU ( CR !Il .l=l , NOP ) 
READ ( 1, 10 1 I C BG ! I I • I = 1 t NOP I 
O() 6 I= ltN DP 
C R ( I I = CR ! I ) - BG C I I 
I F CCR (JJ-1.) 5 ,6,6 
5 CR ( I I= 1. 
6 CONT INUE 
C DETERM I NATI ON OF EXPERIM EN TAL MAXIMUM COUN T RAT ( 
c 





011 9 l o:2 ,NDP 
TF CCRioiAX-CR I I ))7, 7, 9 
7 CRMAX=CRC I) 
KK= I 
9 C::JNTI NUE 
C CALCULATI ON OF VELOC I TY AS A F UNC TI ON OF ~NGLE POS IT I ON 
c 
C THE TAII):GLANCING ANGLF. 
C VI II =VELOC IT Y OF NEU TRON AT AN~LE THETA III 
c 
c 
R 1\ 0= P 1/l f\0 . 
A=H /1 2. * D*GI 
10 DO 1 ~ I=1 , NOP 
AN G I I I = D E GO + 0 F G* I I - 1 I 
THFTA I I I=ANGIII*RAO 
V I I I=A / S INI TH ETA I I I I 
15 V2(I) : V(II*VII) 
C ELIM INATION OF 1/F TA I L FROM EX PFR I ME~TAL COUNT RATF 
c 
c: 
AT N= 1 . 0 F +OQ 
LL=l 
16 00 70 N= l, KK 
NM=NDP 
17 CA LL LSTSQICR , THETA , V, V2 , P,N,N M, C5 , C7 , VO , OV067 1 
I F IA IN-OV067/VO I 20 ,1 8 , 18 
18 AIN=OV067/VO 
l l=N 
20 CONTI NUE 
N= LL 
C EL IM INATI ON Of Hlr.HFR OROFR PLANE I NTF.RFERFNCF 
c 
c 
A J N= 1 . OE +09 
LL =NOP 
LK=NOP-K K 
2 3 00 :'\ 0 I= 1, L K 
NM=NOP- 1 I-1 I 
24 CALL LS TSQ I CR, THETA , V, V? , P , N, NM , C5 , C7 , VO , OV067 1 
TFIATN-OV067/VOI30 , 28,7~ 




C OETER MI NTION OF OPT IMUM VALUE FOR PARA METER-P-
C P=P ARAMETER V AR I N~ RE TWEEN 0 ANO 1 ;P=l LARGE RrA L CRYSTA l 
C P=O SMALL REAL CP YSTAL 
c 
AINc 1. 0E +09 
32 on 40 J = 1 , 1 1 
P= I J-11• .1 
~4 CALL LSTSQ I CR ,TH (Th , V,V 2 , P,N , N ~, C:~,C7 ,VO, OV067 1 
I F I AIN-OV067/VOI40 , 3A , 3A 
3A AIN=OV 067/VO 
Tl=P 
40 CONT INUE 
P=Tl 
S1=P 
A I N"' 1. OE +09 
I F ( P -0 . 0 5 I 4 5 , 4 5, 4 2 
4 2 I F(P-0 . 95 ) 70 , 5') , 'l<; 
45 DO 50 1•1,11 
P=O . Ol*ll- 11 
CALL LSTSQICR , THETA,V,V2 , P ,N,NM, C5 , C7,VO , OV067 1 
169 
IFCAI N-OV067 /V0 ) 50 ,4 8 , 48 







GO TO 8 5 
55 00 60 1= 1,11 
P= 0 . 9 +0.0 1*(1-l) 
CALL L STSQCCR,TH ETA,V,V2,P , N,NM,CS , C7, VO,OV 067 1 
IF(AT N- OV067/V0 )60 ,58,SR 






60 CON TI NUE 
GO Tn AS 
10 on eo J -:: 1, 21 
P=S l-0 .1 +0.01*( 1-1 I 
C~LL LSTSQCCR,THF.TA,V , V?,P,N,NM,CS , C7,VO,OV06 71 














C CALCULATI ON OF MO S T PR OB~ Blf WAVFLENGTH AND NEU T~nN TF MP FRA TURE 
c 
c 
WO= H/CG*VD*L• OE-OR I 
TK O= CG*V0 ** 2 1/( 2 . *R I 
TCO=TK0-273. 
90 W~ IT F ( 3 ,1 04 1 VO ,IJV06 7 
W~IT E C2,104) VQ, DV067 
WRJT F(3 , 10S ) WO 
WRIT EC2 ,105) WO 
WR IT F ( 3, 106 I TCO 
Wll IT EC 2 ,106 I TCO 
9'i C=FXP IC S) 
WR I TF I 3 ,107 1 C 
W~IT F I 2 ,1071 C 
ANl=DEGO +~*DEG 
AN 2=0FGO +NM * DEG 
WR lT E 1 3, 10R I ANl,AN2 
WR IT E I7tl08) ANl,AN2 
W~ I TF ( 3 ,1 09 1 P 
WR IT EI 2 t 109 I P 




AA=3 .1 87*VT H/V I KKl 
97 V01=VIKKl/SQRT(2 . 25+. 25*TAN ITH ETA( KKl l** 2+. 5 *AA/ Il. -FXP ( AA ll l 
WRITE I 3 ,110 l VOl 
WRITE! 2 ,110 l VO l 





DO 98 I= l, NDP 
W=C '>+. 5* P*AL OG I COS ( THE TA (I l l l +I 3. + 1. 5*P l *AL OG I V ( I l l + 
2AL OG( 1.-EXP ( -3 .1 A7*VTH/VI Ill l -C 7*Vll I l 
9 8 FITIJ)=EXP(WI 
WR JTE(3, 111 I 
WRJT F(2,llll 
WR IT F ( 3 ,11 2 liiANGI Il, CR! Il, F ITIIII 0 I= l 0 Nf'Pl 
WR I T F I 2 , 1 1 2 I I (A NC. ( I l , C R I I l , F IT I I I I , I = 1 , Nl) P I 
GO TO 1 
**********F ORMAT S* ********* 
qq FO RMfiT!20A4) 
100 FORMAT!I15,7Fl 5 . 8 , El5. 8 l 
10 1 FORMAT(8 ( 4X ,F~. O II 
104 FOR,..AT ! 20X, • THF MOST PROBAAU: VF LOC IT Y IS ' F1 0 . 2 , ' +OR - ' FP , ? J 
105 FOR MfiT ! 20X , 1 THE MOS T PROBAALE WAV ELENGTH I S•, FA.?l 
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106 F ~ RMATI 20 X, •T HE NEUTRON TEMP ERATURF TS 1 , F6 . 1 ' OEGRE~S CF~TI GP AD~ ' I 
107 FORMAT ! 20X , 1 THE SC ALI NG OARA'1 ETER I S ', E16 . Al 
c 
108 FORMfiT ! 20X,' THE REST F I T IS RE TW EEN fi~GLES 'o F~. ?. , • hNO • , F~ . 2 l 
109 FOPM ATI 20X ,•THE PARAMETER P= •, F5 . 2 l 
11 0 FORMATI 20X , 1 THE MOS T PRO RA" I E VELClC J TY RY TH f <;LOP~ "'F TH0'1 I S ' , 
2F10 . 7 l 
1 11 FORMAT ( / , 3?,X 1 ANG 1 10X ' f.R 1 AX ' F IT' /l 
112 FOR MAT( 30X 1 F6 . 2 0 'iX ,F7, 0 ,5X , F7 . 0 l 
f.ALL EXIT 
END 
SUBROUT INE LSTSO ! CR ,THETA,V , V2 , P , N, NM, C5,C7 , VO, OVOf>7l 
C LEAST SQUARES ROUTINE 
c 




C P REPARE NORMAL FQUATI ONS 
c 
v [ 2=0 . 
Vl4=0. 
CV I 2=0 . 
3 VI 2C R=O. 
ALCP =O . 
C6 I =O . 
NNN=NM-N +1 
5 00 10 I= N,N,.. 
6 C A I I J = . 5 * P* A LOG I COS I TH ETA ( I l l J + ( 3 . + 1 • 5 * P J *A LOG I V I I l l + 
2ALOG ! 1.-EXP !-3. 187 *VTH/V( I J I l 
VI2=VI2+V2 ( I J 
8 VI4=VI4+V 2 ( II**2 
CV T2=C VI2+C6 1 I J*V2 ! I l 
Vl2CR: VI2CR+V21 I l *ALOG ! CR (I l I 
C6I=C6 t+ C6 1 I I 
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1;) ALCR= ALCR +ALOG I CR I I J J 
c 
C S'lLUTION OF TWO I.I NF.AR fQ UAT I ONS CONTAIN I NG TWrJ UNKNOWN<\ , C:5 ~ C1 
c 
11 C 7-= I I VI 2 / NNN I* I C61-ALCR l • VI 7CR-CV I 7.) II (I VI 2 * *71/NNNl-VI4 I 
12 C5= 1C7*VI 2 +AL CR-C6 11/NNN 
13 V~=SORTI 1 . / C71 
c 




19 O'J 20 I= N, NM 
20 V~R2=VAR2 +1 AL OG I CR I I II -C6 1 II -C5 +C7* VII 1**2 1* *2 
VAR2=V AR2/(NNN-2 1 
V ~R=SQRT I VAR2 1 
C C22=2 , 2 ELEMENT OF THE INVERSE OF ( X-TRANPOS E*X I 
c 
25 C?7-= 1./IVI 4- I V I 2**2 1 /N~N l 
c 
C fST JMAT I ON OF FRROR ROUNOS ON VO 
c 
C OV067= INCREM EN T AROtJT VD FOP WHI CH A . 67 PPO!'An tLJ TV FXI STc; FOR 
C 2 TRUE SOLUT I ON , FO R . 95 PRO~~B I L ITY MUL TI PLY DV067 T I MFS 1 . 9~ . 
c 




1/G . OAT A 00 
* 1 COP PER RUN #12 
1 . 0 
1 50 
00000 1 023 001000986 
00800 1 0A 6 00900 1029 
0 16001147 0 17 00 11 5 5 
02400 168P 02 5001 86 7 
032003979 03300439 1 
040008597 041 0093 79 
04RO 126 79 0 490 13048 
0~60 1 5335 057 0 157 42 
064 0 167.32 0650 16200 
0720 15 1 34 0710 157 1 0 
080013909 0810 13606 
0880 1 2 108 0890 1207 6 
096011 163 0 97010941 
104009842 1050095 1 3 
11 2008297 1 13008709 
1 2000 79 18 121 00 7 824 
1 28006CI 7 5 1 29 0 06880 
136006441 1 37006502 
14400598 1 145005 8 17 
0000005 16 001000 4 86 
0080004 55 009000489 
0 16000568 0 17000539 
0240006 17 02 500 0592 
032000768 0330007 36 
040000935 04 100093 4 
. 2 
00200095? oo1ooo9qo 
0 1000 1 068 0 11 001082 
01800 1254 0 1900 1309 
0760020'54 027 0023 15 
034004 953 03500543 5 
04200989 1 0430 1 0'5 10 
05001 3 69 7 05 1 0 14217 
05A0 1 5 7 48 0'>90 16005 
0660 1 59 35 06701 56 93 
0 740 1 50CI9 07r;0 14 770 
OA20 1 3C9 1 C6101 2748 
0900 1 2071'> 091011 948 
0980 1 0356 09901 0241 
106008855 107008643 
114008648 1 15008566 
1 220076 2 3 12300 74 52 
130006920 1 3 1 OOf>S 71 
138006344 11900624 5 
1 4600'5825 1 4 7 005940 
002000509 00300050 4 
0 10000457 01 10004 71 
018000511 0 19000'>35 
07.6000608 027000648 
034000794 035000823 
0 4 700 1041 04300 1030 
5 . 0 1.RO<J?F-0'3 
004000993 00'> 0010?1 OOAOO C97? 
0 1200 1 168 0 1 300 114A Ol400 llR7 
07000 14 00 021 00 1 46~ 0 2200 150 4 
02~002649 02<J002q11 010003 175 
0360061~2 0 170C679A 0 31\00 7265 
0440 1 08A 7 04S011 1 54 0460 1 14'>0 
0520 14372 0530115~2 0 540 14901'> 
01'>0015943 061 0 16356 0620 160 3 1 
01'>801'53')0 0690 1'>751 0 700 15374 
0760 1444A 0 770 141'>31 0 7A0 1 42~7 
08401241~'> osr;o 124 2 t 0 ~60 11 CI 09 
OCI20116CI4 0930 1 1448 0 940 11 464 
10001 0063 1 0 10(.0952 10200991'>7 
1 08009700 1 0900 ?1\47 1 10 0081'>84 
1 16008416 1 17 00847fl 1 11300825~ 
174007<;2 1 1 2500 741'5 1 260072<'lA 
1 32006'>7 3 1 1 10061'>09 114006436 
1 40006067 14 1006172 14200620 7 
148005679 149005741 15000 1267 
004000510 0050004C18 001'>0005 1Q 
0 1 2000542 01300047S 0 14000 ')23 
020000544 02 1000<;50 022000 544 
0280006<)5 02900070~ 0 3000 0117 
036000B 1 5 037000831 0 38000R70 
0 4400 10?0 04500 1092 046001 1 25 
0 0 7 v.JJ'I 4 '1 
0 150) 1?7 4 
02~00 1 614 
'H I 001~7'J 
0 3<l OOAv·w 
0 47 'll1 "l'>S 
0 '>'> 0 1 o:;·n q 
0 610 l f>?C., J 
0 7 10 1 'i "7'• 
0 790 14000 
oq 7 0 11 'P1 
0 Q')0 1 l •l 0 f> 
10 1 00 01\7? 
11l ')OA 4 A7 
11 90JR()~A 
127 01)6()4 () 
1 1~001'>3 "- \) 
141:)0 61, 7'• 
1 51')00001) 
0 0 7 O·J 0 '> 1 .., 
0 1') ) 00 4 6 7 
0?1 00C1'> 1 ~ 
0 11 000 7'i7 
0 3°0<) 0 () ? A 
04 700 11 1'>11 
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(.4~00 1 2 17 049001208 050001264 05 1 001252 052001331 0530013AO 054001419 05'5001 ~q,, 
05600 1 552 057001590 058001540 059001580 060001575 06 1 001506 06200 1503 063001,~5 
06400 16{)9 06500 1 624 061>00 1 721 067001710 06600U'IC)6 06900 17 74 0 7000 1736 07100 1 72 1t 
0 120011RO 013001767 07400 167A 0 75001623 076001629 0 770016 4 7 0 7A001633 07900 1526 
08000 16 99 08100 1669 08200 1763 C8300 1728 084001781 085001A20 OA600 1744 OA 700 177'"1 
088001734 089001795 09000 1786 09100 1755 09200 1 704 09":\00 16 A2 0 940 0 1114 095 001 /)Cq 
09600 1741 097 00 17 25 008001698 09900 17'59 100001746 1 0 100 17 ?<3 10700 1671 1 0 300 1 6~"3 
10 400 1639 10 500 172 1 106001811 10 7001692 10800 1A21 10'l00 16A2 11000 17'54 111 1) 0 17 '5 1 
112001769 113001790 114001807 11 500 176 2 11600 1 840 117001A92 11 800 1 76 Q 11C)00 17V> 
120001767 121001663 12 200 176 1 1 2300 1666 17.4001722 12 500 1707 12600 1711 127 00 17f>1 
12800113 2 129001806 13000173Q 1 31 001801 132001747 13"3 00 171 8 1 3'• 00 1 756 135 00 17<)0 
13600 1741 137001749 13AOO 175 0 1 3900 1 A02 140001804 141 00 1 8~9 14? 0 0 17?6 14 300 1 A 1 '\ 
144001 AOO 14500 180 7 14600 1790 1 47001827 14800176A 14900 1A67 1500 0 17Q7 1'>1 00 16'31) 
1 LI F CRYS TAL RUN ~ 7 
0 . 5 
144 • 2 6 . 6 2 . 37'5 1 E- 08 
20A000 4 A4 209000'53 1 2 100005 1Q 2 11 0005A2 212000624 2 11 0001>86 ? 14000 75A ? 1 5000 ~"'• 
?16001040 21700121A 2 1A00 13 22 2 1900 15 31 220001625 22 100 1'l11 22 20 07 1 211 ?.2300 ??Q 9 
22 4002672 225002796 2260 02 99'5 2?70017'>0 72800":\398 2 ?900 360Q 2":\01)03925 ? 31 00 4n6 
732004270 233004 530 214004711 215004925 71600520 1 ?17 0055 27 ? 313005224 2 1900 "1 S7 
240005446 24 100'5116 2 4200575 0 243005579 24 4 00 '5793 245 0C5702 2 4~'> u05858 24701'l5fl0 7 
248005946 249005931 250 005869 25 1006078 2'520057A1 2 53 00 5A17 2';4 00 5 A04 ?.5'500%04 
2560057.qC) 25 7005 80P ?'i8005744 75Cl005 746 760005'i5A 2610 05<;R4 21>20054 ~9 2 h300 '>31 ? 
26 400'5413 765005368 26A0052M 2 6 7 004954 268004900 ?.6900 5 0 ~9 ?.70004Q74 2 71 00 4R<13 
272004 774 271004649 2 740046 R6 2 7 5004589 276004 6 03 77700 44?2 ?7R004369 ?7900 4 5 ~·).-, 
280004174 2A 1004344 7R?0042Q7 7R~004 0R2 2 8 4001Q8 ? 2 A'i 00 't 197 ? Pf-0 04 0 57 2" 1 00 1 7') r; 
2R8003702 28900 351 1 2Q0 00363R 79 10015'56 2 Q200 13 <;? ?o1 QC 3179 ?O lt 0\.J ~ ~ 40 zo c, co ~ 4 "'> 
2960014 5 9 2 97 003365 29R003 3 8 o 2 99001 2 31 300001 10 6 30 100 1 2 11 10 70029?6 1v 1 0030f>') 
30400, l 38 305002974 306002946 "i 0 7 00?76Q 30 8002A 77 1 0Q00?77 Cl H 00027 24 1 11 OJ?h'~ ~l 
3 12002 610 113 002560 3 14002616 31'>00~505 ".116 00 258 1 1 1700?.540 3 1A0 0247 R 3 1 C) 0 l) l ') <; ., 
320002460 32 1002 56 7 327002525 3 23002408 1240021135 '\ 2'lOv 2? 5 t 3?6 002210 '12 7 00?21 , 
128002100 32900217 9 330 0021 35 31 1 00 1983 132002014 3330020 7A 114007057. 315 O<J ? 0 76 
11600?010 33700 1 92 1 33fl002021 13900 1914 14000l.q67 341001R29 142001<) 17 341 00 17R" 
344001A63 145001650 34600 1761> 3 4700 1h7'5 348001645 149001672 150 00 166 0 35 100 1">1 7 
208000438 2090004 25 2 1 00004 06 2 11 000390 2 120004 1 '\ 211000191 2 14000 3QO ? 1 5 000 ~ '1 ') 
2 16000HQ 2 1 7000334 2 18 0 0 0363 219000406 220000~ Cl2 2 2 1000 332 222000361 2 71000 '\ h ~ 
224000 341 22 5000 341 226000354 22 7 00 0140 228000'16 8 2 29 00C 339 2 30000311'> 2 1 1 o ) c ·n " 
232000 ~2 1 23 3000339 23400031Q 73'500J359 736000163 2 170C0359 2 180 00 34 9 ? 390Ji, 3 ~? 
740000 174 ?4 1 00034 0 2420001011 2 43000 119 244000356 24'iOOC34 1 7460 00144 747 0001 J 'l 
248000 164 24Q000 31 R 750 000351 2'5 10003 14 25200036 2 25100 033Q 2540003 1 2 2-; r; 101 ~ ~H 
2560003 16 25 7000304 25A000320 2 59000 2A9 ?6000011A 76 100 0 '3 1') ?1> 2000300 26 3 O;)f' .3( ~ ? 
26400030Q 2650003 11 266000353 2 67 000 327 26R0002A<) 2n'l0C0 3 04 ?7 00 0 0 '\2'3 7. 7 1 0•) 1; ) •, '> 
2 7 200028 1 2 73000306 774000310 7 75000360 2 76000?75 2 7700 0357 ?7'l000318 ?79Q() C? 77 
280000132 28 100028 7 2A 2000275 283000178 284 0 0 02A7 28500 0 285 2P60002'5 R 2R 7 0J" 1 1? 
2880007RA 28 9 00027 1 290000276 29 1000 78 1 292000306 J.<no002 13 zot. l)00262 2<) ') Q)t1?P? 
296000308 2 97 00030 4 2 9 R0002fl6 299000272 300000717 1 0 1 000 1(~ 1020002 8 7 10 30:)(• 2 fVt 
304000 292 3 0500077 9 1 0600025 4 3 0 7000269 30800 0 2 A? 30<)00 0? 54 11 00002 PO 31 1'lJ(J?7') 
312000259 313000309 3 14000262 315000268 31600026A 1 170 00? <) 1 1 180007 '"1 ') 1 I QO JG?76 
320000274 32100027'5 322000282 32~000293 3 2 4000269 32">000300 1?6000? 7 ') '3?7 0•Jl. ? 7 ~ 
32A000293 32900026 7 3300002RA 331000260 33 2000777 3330002A3 "'1".\ 4 0002 7') '3'i'i 00''2 ~ q 
3360002R4 137000275 33A000286 339000268 340000277 341 000247 342000?A2 14 ·~ ouu?A C' 
344000797 34'5000284 346000280 34700030 1 34A000277 349000281\ 3 50000268 1 '5 1 0 ') c ? 6 '> 
END OF DATA 
1 COPP ER CRY STAL PUN lf 2 
THE ~OST PROBABLE VELOCITY I S 242589 .44 +OR- 1091.66 
TH E ~OST PROBARLE WA VE LENGTH I S 1. 61 
TH E NEUTR ON TEMPERATURE I S A1 . 8 nEGR H '\ CE NTI GRADE 
TH E SC ALI NG PARA~E TER I S 0 .1 375'5 nQ1f-1 CJ 
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THE BEST FIT I S RETWEE"' ANGLE S 9. AO AN0 35 . 00 
THE PARAMEHR P= 1.00 
TH E MOST PRO SABL E VELOC rTY BY TH E SLOPE METHOO I S 254 q '54.'\1 
ANG CR F TT 
5 .00 507 . o. 
5 . 20 500. G. 
5 . 40 443. o. 
5.60 4 76. o. 
5.80 483 . o. 
6 . 00 523. o. 
6. 20 45~. o. 
6 . 40 434. 1 . 
6 . 60 631. 1 . 
6 . 80 540. 3. 
7.00 6 1 1. 5 . 
7 . 20 6 1 1 . 10 . 
7 . 40 626 . 18 . 
7.60 673. ~0 . 
7 . RO 664 . 4 8 . 
a. oo 757. 76 . 
8 . 20 579. 114 . 
8 . 40 616. 16 '5 . 
8.60 743. 233 . 
e. ao 774. ·n o. 
9.00 656 . 477. 
9 . 20 9 15. 55A. 
9.40 960. 71 5 . 
9 . 60 1022. 900 . 
9 . RO 1071 . I 11 ? . 
10 .00 127'> . 1 352 . 
10. 20 1446. 1 62 1. 
10.40 1£>67. 1 9 l7. 
10.60 19'>4 . 22 39 . 
10.80 2105. 2 5A6 . 
11 . 00 2463 . 2956 . 
11 . 20 2827. . 13 4 5 . 
11.40 3211. 1 75?. 
1 1. 60 3655. 41 73. 
11 . 80 4159. lt 6 06. 
12.00 4617. . ')(r47. 
1 2 .20 533 7 . 5 4 94 . 
12 . 40 5967 . 594 2 . 
1 2 .60 6395. A3 9 1. 
1 2 .80 11 04. 683 '5 . 
13.00 7662. 72 74 . 
13.20 8445. 770 4 . 
13 . 40 8850. 8 1 24. 
13.60 948 0 . P51l. 
13. 80 9Rh7. R92 4. 
14.00 10062. 9302. 
14.20 10325. 9 6 62 . 
14.40 107A7 . 10004. 
14.60 11462. 1C32 7. 
14.80 11840. l Ob 31. 
15.00 12433. 10 914. 
15.20 12985. 11178 . 
15.40 13041 . 114 20 . 
1'>. 6 0 1 2 157.. ll £> 4 3 . 
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15 . 80 13487 . 1 U 14 5 . 
1fl .OO 11 844 . 17 02 7 . 
16 . 20 13 7A 3 . 121139 . 
16 .40 141 52 . 12332 . 
16. 6 0 14208 . 124')6 . 
16. 80 14425 . 175() 1. 
17.00 1436!1 . 1264'"1 . 
17.20 14850 . 12720 . 
17. 40 14528 . 1? 775 . 
17.60 1471 6 . 12A \4 . 
17.80 1456 3 . 12!13R . 
18 . 00 14576. 1 2fl 4!1 . 
1 8 . 20 14214. 12844 . 
18. 40 13 9 fl3 . 12fi7R . 
18.60 13654. 12 7 QQ . 
18 . 80 13479. 1?760 . 
1 9 . 00 P638. 1 27 10 . 
19 . 20 13550. 12650. 
1 9 .40 13354. 12 51l 1. 
19 . 60 1 3443 . 12<)01 . 
1 9 . 80 134 2 1. 12417 . 
20 . 00 1 H4 7. 12324 . 
20 . 20 128 1 9 . 1 77?5 . 
20 .40 12986 . 1 211q . 
20 . 60 126 34. 1200fl . 
20 . 80 1256 4 . 11 flO 1o 
21 . 00 12210. 1 1770 . 
2 1. 20 11 937 . 1 164<) . 
21 .40 11 32!1 . 11 5 16 . 
2 1. 60 11 070 . 11 3 84. 
2 1. 80 10655 . 11 749 . 
72 . 00 10601 . Jlll1 . 
?2 . 20 10 1 65 . 1 0Q 72 . 
2 2 .40 10094 . 1 otno . 
2 7.60 1037 4. 1l6!17 . 
22 . 80 1028 1. 105 42 . 
?1 . 00 10290 . 10397 . 
21 . 20 10 1 93 . 1025 1. 
23 . 40 99 90 . 10 104 . 
23 . 60 9 766 . 99<)8 . 
73 . 80 9750 . 9A 11. 
24 . 00 9 4 03 . 9t.A4 . 
2 4. 20 9427 . Q'5 18 . 
?4 . 40 9 2 1 6 . 9377 . 
24 . 60 865fl . 9277 . 
24 . 80 8487 . ooa? . 
2 5 . 00 R3 1 7 . prqq . 
2 5 . 20 8224. fl796 . 
25 .40 IB 4 6 . A6 55 . 
25 .60 !1209 . A'i 14 . 
2 5 . 80 8203 . R3 75 . 
26 . 00 7792 . f\2"38 . 
26 . 20 7 044. A 1 0 1. 
2f> .40 695 1. 796 7. 
26 . 60 13 7 9. 7 8 B . 
26 . 80 71 65. 170 7 . 
27 . 00 691 0 . 75 72 . 
27 . 20 6 736 . 7443 . 
7.7 .40 652A . 73 17 . 
21 . 60 69 1 9 . 71 C'l2 . 
176 
27 . 80 684 1. 7069 . 
2R . OO 6804 . 694 8 . 
28 . 20 6576. 6~28 . 
28.40 6536. 6 71 o. 
28 . 60 6486 . 65Q4. 
28 .80 630 1 . 6 4A O. 
29 . 00 6 1 5 1. 636R. 
79.20 6161 . 625 7 . 
29 .40 5A62 . 6149 . 
29.60 5786. 6042. 
?9 . 80 5 799. '5037 . 
":\0 . 00 5708 . 5 833 . 
30. 20 5587. 5732. 
30. 40 5177 . 5632. 
30.60 524 3 . 5534. 
30 . 80 5014 . 543 8. 
3 1. 00 '>18 1 . '> 343 . 
3 1. 20 4770. 57.'>0 . 
3 1 . 40 4R31. 5 159 . 
3 1.60 4891. 5069 . 
3 1. 80 4680. 49A 1. 
32 . 00 4'56 0 . 4 ~ C)lj . 
32.20 4700. 4 R 1 O. 
3 7 . 40 4753 . 4727 . 
37 .60 4594 . 4645 . 
32 . 80 4443 . 4 '565 . 
33 . 00 4 263 . 44 "16 . 
3 3 . 20 4 '\33 . 4409 . 
33 .40 448 1 . 4333 . 
33 .110 4 2 11 . 4 2 59. 
33 .80 41 81 . 41 A6 . 
34. 00 40 1 o. 4 1 15 . 
34. 20 4035 . 4 0 45 . 
34.40 4 11 3 . 30 76 . 
34 . 60 39 11 . 3°C8 . 
34 . 80 3874. 3R42 . 
1 L IF f.R YSTAL RUN • l 
TH E Mn ST PROOABLE VELOC ITY I S 243 359 . 10 +nR- 564 . 36 
THE MnST PROBAOLE WAV ELENGTH I S 1 . 63 
TH F NEUTR ON TEMPERATURE I S 8 6.1 DEGREES CfNTf GP ADE 
TH F SC ALING PARAMETER I S 0 . 25974l45f- l 6 
TH E REST F IT I S BFTWEEN ANGLES 6.AO AN028 . RO 
TH E PARAMETER P= 0 . 56 
TH E MnST PROAABLE VELOC ITY RV TH E ~ LOPF MFTHOO I S 227'>37 . A7 
AN G CR FIT 
6.60 46. 57 . 
6. 80 1 06 . •n. 
7. 0 0 11 3 . 120 . 
1 . 70 192 . 172. 
7.40 2 11. 238 . 
7 .60 295 . 319 . 
7.80 368 . 416. 
a. oo 529. 5 31. 
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~ . 20 66 l. f>f>? . 
~ . 40 884 . Pl C. 
8 . 60 959 . 0 73 . 
8 .AO 1 125 . I I 50 . 
9.00 l ?31. 1341. 
(}.20 15 79. 154? . 
() . 40 I 765 . 1752 . 
9 . 80 2329 . 7 19? . 
9 . 60 1936. lQ7 0 . 
10.00 74"55 . 74 17 . 
I O. 20 2641. 7/-.4? . 
10 .40 29 10 . ?8A6 . 
10 . 60 1030. 10'H. 
10 . 80 1270. "0\3 0 4. 
1 1. 00 1'5 89. 35 15 . 
1 1 . 20 3<)26 . 37 1P . 
11. 4 0 394 Cl . 3Cl 12 . 
1 1 . 60 4 1 91. 4 C9R . 
1 1. AO 4194. 477~ . 
12. 00 4566 . 441~. 
1 ?.20 4R40 . 4') 9 1. 
17 .40 516R . 471"0\. 
12.AO 4875. '• Fl A4 . 
12 . 80 5025 . "0~3. 
1 1 . 00 5077 . '109 0 . 
11.?0 5376 . 51R7 . 
13.40 5 44 2 . "i272 . 
13.60 '>760. 514f> . 
13. AO 5 4 17 . 54} o . 
14.00 53 59. ')463 . 
14. 20 5514 . <; <; 07 . 
14 . 4 0 <;<; 79 . 5542 . 
14 . 60 558? . 'i'i68 . 
14.130 'j/)}9. "55qc; . 
1'i. OO 55 16 . 'i'itl4 . 
} ') . 20 5764 . 55<H . 
15.4G ')4 1 q. 5502 . 
15 . 60 54 GR . 5580. 
15.8C S492 . 5')6"3 . 
Jf> . OO S35A. ")')40 . 
1~.2c 5 47 3 . 5511 . 
11> . 4 0 5504 . 54 7 P . 
16. 60 ';424. c:; 44 1 . 
1f>. 8C 54'i 7. S1()CI. 
17.00 5231'1 . 51?4 . 
}7 . 20 526<) . 'l30f> . 
1 7 . 40 "5169 . 5254 . 
17. 60 5070 . 5200 . 
17.AO 5104 . ~ 1 44 . 
1 A. OO 5057 . 'JOA5. 
1A.20 49 15. 5024 . 
l A.40 4627 . 491>?. 
1 8.60 46 1 1. 4 PoQ . 
1 8 . 80 4 755 . 4P"34 . 
19 . 00 4651 . 4 7AR . 
}C'I.20 4 5 RA. 4 702 . 
19 . 40 44<n . 461 5 . 
19.60 4341 . 4'JA7 . 
19 . 80 4371> . 4 4 ')0 . 
?0.00 4229. 44 31 . 
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20 . 20 4328 . 436? . 
20 . 40 4070. 4? 9 4 . 
70 . h0 4 05 1 . 42?(, . 
20 . RO 42 78 . 41 58. 
2 1. 00 4042. 4 090 . 
2 1. 20 4 057. 40n. 
2 1.40 4017. 39')6 . 
21 . 60 3754 . 3890 . 
21 . 80 3695. 38 24 . 
22 . 00 391 2 . 3 759 . 
22 . 20 3799. 3fl9~ . 
22 . 4 0 3483 . 36 31 . 
22 . 60 34 14. 356A . 
22 . 80 1260. 35 06 . 
23.00 3362. 3444. 
23 . 20 3275. 11A4. 
23 .40 3046. 33 ? 4. 
23 . 60 3 106. 37.65 . 
23 . 80 32fH. 3207. 
24. 00 32 13 . 31'>0 . 
24 . 20 3151. 1 C94 . 
24 . 4 0 3061. 103A . 
24. 60 3 1 01 . 29f34 . 
24.80 296') . ?910 . 
25 . 00 2814. ?87A . 
25 . 20 29 03 . ?A? f> . 
25 .40 ?699. ? 7 7') . 
25 . 60 2 776 . ? 7? 5 . 
25 . 80 28 4 6 . 267fl . 
26 . 00 2695 . 26 ? A. 
u. . 20 2692 . 2 5 A 1 . 
26 .40 2 500. 2 '51'5 . 
26 . 60 2595 . 21t A9 . 
26 . 80 2525 . 244 5 . 
27 . 00 2444. 24 0 1 . 
2 7. 20 24 7.0 . ?;~')A . 
2 7.40 2371. 23 11'> . 
27.60 225 1. 2 275 . 
27.80 2174 . ??34 . 
78 . 00 ~237. 2 1'l'>. 
28 . 20 23 1 5 . 21'> 6 . 
2A. 40 22 4 7 . 21 17 . 
28.h0 21 A3 . 7 0 13 0 . 
2A . 80 22 7 6 . ?. 0 4 3 . 
29 . 00 2 1 8(, . 200 A. 
29 . 20 2292 . 107 2 . 
29 .40 22 4 3 . 191A . 
2 0. 60 2 1 1 5 . 1QQ4 . 
29 . 80 2 11 6 . 1J\71. 
30 . 00 1951 . l A19 . 
30 . 20 19 5~ . 1 A0 7. 
30 . 40 1955 . 1 77fl . 
30 . 60 1807. 174 5 . 
3 0 . 80 19 17. 1 71 ~ . 
3 1. 00 1 84 7 . 1 f. A6 • 
3 1. 20 1723 . 16'lA. 
3 1 . 40 17 '>7. 16 20. 
3 1.60 17 95 . 1 602 . 
11.80 1777. 1 575 . 
32 . 00 1778 . 154 8 . 
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'3 ?. o?O l 726o 1 ">?1 o 
12 o4 0 16 4 6 o 14 Q7 0 
32 . 60 17H o l 472 o 
32 . 80 1646 . 144 f! o 
33 . 00 1sqo. 142 4o 
'33o 20 1 5 82 . 140 1 0 
31 o40 1h'3 5 o 117A o 
1 3 o60 15 1 1 o 11'56 o 
33 o 80 1566 o 1134 o 
3 4 o00 1366 o 13 12 o 
34 . 20 14f!6 o 12Q 1 0 
14o40 13 74o 1? 7 0 o 
'3 4 o60 136A o 17. so o 
34oAO 1l8 4o 12'30 o 
35 . 00 13 n o 12 11. 
35 o?.O 1372 . 1 1Q2 o 
F.NO OF DAT A 
APPENDIX E 
DERIVATION OF LEAST SQUARES METHOD FOR ANALYSIS OF MULTIPLE 
HAXWELLIAN CURVES FROM POLYCRYSTALLINE 1-'tATERIAL 
180 
The neutron count rate from a polycrystalline material in which 
more than one preferred orientation exists may be expressed by the 
following relation: 
J 
CRi = I CR. . j,J. 
j=l 
Where: 
CR. = experimental neutron count rate 
]. 
CR .. = neutron count rate from jth plane 
J,l 
J = number of planes 
CR. i = C. V .. J, J j,J. 
Where: 
C. = constant weighting jth plane contribution 
J 
V .. =(1-exp(-Lv h/v .. ))v~·~exp(-(v .. /v0 ) 2 )cos112 (e) j,J. t J,l j,J. J,l 
Where: 





For a least squares solution we want the following relationship 
to be a minimum: 
N J 
~ [CRi- ~ CRj,i] 2 =minimum 11.37 
i=l j=l 
Taking the partial of Eq. (11.37) with respect to Cj and setting 






V. . [CR.-J ,~ ~ 
V •. ~Nl J,~ 
J= 
J 
~1 CR .. ]= 0 J,~ 
N 
j=l,J 
CR •. = 




c. v. . =~ V. .CR. J J ,~ J ,~ 1 
Let us define A, b, c, as follows: 
j=l,J 
j=l,J 
A = J by J dimensional matrix representing the coefficients of 
normal equations. 
b = J-dimensional vector representing known portion of normal 
equations 
c = J-dimensional vector representing weighting coefficients 
Therefore: 








The solution for the c vector involves the solution of J linear 




DERIVATION OF LEAST SQUARES FOR GAUSSIAN FIT TO ROCKING CRYSTAL CURVES 
According to Sailor et al., a rocking crystal curve can be approxi-
mated by a normal distribution with a standard deviation. This normal 
distribution is commonly referred to as a gaussian distribution. 
Referring to Eq. (3.15) 
2 2 2 J(y) = J(O)exp[(-8tn(2y ))/(a +2S )] 3.15 
For data interpretation, a convenient form of the equation is 
obtained by a shift and subsequent transformation of the 
The shift is made by e = ~+y and the transformation by o2 = (a2+2S 2)/ 
(16tn(2y 2 ) 
Where: 
e = angle plane makes with the incident neutron beam 
~ = mean angle for rocking crystal cruve 
0 = the standard deviation of the count rate 
J(~) = Rocking crystal peak amplitude 
By definition the full width half-maximum of the peak is: 
1/2 FWHM = 2o(2tn(2)) 
An evaluation of the data is complicated by the fact that the 
11.43 
11.44 
rocking crystal curve is superimposed upon a variable background. This 
variable background results from counter noise, variable room back-
ground and incoherent neutron scattering. 
Instead of a simple gaussian distribution, the following five para-
meter function gives a better representation of the actual data: 
183. 
J(6) = f(A,B,C,D,E,8) = A+B +Cexp[E(D-8) 2] 11.45 
Where: 
c = J(l-1) 
2 E = -l/(2cr ) 
A and B are empirical constants which account for background interference. 
The assumption is made that the background may be approximated by a linear 
function over the range of the gaussian distribution. 
Due to the nature of this function, it is difficult to solve for 
these parameters by a linear least squares method. 
Approximated values are selected for the parameters in Eq. (11.45). 
The equation is expanded in a Taylor's series and truncated after the 
first order terms. This gives a linear approximation. 
J(6)"'f(A' ,B' ,C' ,D' ,E' ,e)+Clf M'+Clf l1B'+Clf 
ClA' ClB' aG' 




' denotes the value for parameter 
M' =A-A' 
t.B' = B-B' 
toe' = c-c' 
t.D' = D-D' 
184 
A residual function may be defined as the difference between the 
observed data and the fit based on estimated values of A, B, c, D, and E. 
R ( 8 ) = J ( e ) - f (A ' , B ' , C ' , D ' , E ' , e ) 11.47 
Combination of Eq. (11.46) and Eq. (11.47) yields, 
af LA'+ a£ ~B'+ a£ ~c'+ a£ ~D'+ a£ ~E' 
R(e) = aA' aB' ac' an' aE' 11.48 
Evaluation of this equation at each data point yields a system of 
linear equations. These equations may be expressed in a compact matrix 
form. 
r = St 11.49 
Where: 
r = M-dimensional residual vector 
M = number of data points 
t = 5-dimensional correctional vector 
S = M by 5 matrix containing partial terms from Eq. (11.48) 
For a least squares fit, M must exceed 5. The system of equations 
represented by Eq. (11.49) is overdetermined, and in general has no 
solution. If Eq. (11.49) is premultiplied by the tranpose matrix, [S]T, 
a system of five equations is obtained which has a unique solution. 
Let: 




t = G v 11.51 
The correction terms obtained from the solution of Eq. (11.51) 
are used to modify the original estimates of the parameters. The entire 
process is iterated until a desired degree of accuracy is obtained or 
a given number of iterations have been performed. 
The computer program used to perform this task is a modification 
f PPA ( 54 ) . . d d f h k 1 . o , an ex1st1ng co e use or gamma p oto-pea ana ys1s. 
This iterative scheme exhibits a degree of instability in the 
calculation of A and B. The PPA code was modified to calculate a better 
initial estimate of A and B and to perform the least squares iteration 
on C, D and E, while A and B are held constant. This method proved to 
be very efficient in computer time and quite accurate. 
Fig. (11.01), Fig. (11.02), Fig. (11.03), Fig. (11.04), and Fig. 





















PPA Main Flow Diagram 























Rate & Set 
,___~ Background 
Flag. 
PPA Main Flow Diagram Continued 















Back 2 Compare Arg 
Backgr 2 with Kode (1) of 
*No Bac 2 vocabulary 
*No Ba 2 
No back 3 












')\'Stop 7 Word. 










Figure (11. 03) 
est Limits 























Function PEACH of PPA 


































Subroutine DREPK of PPA 









A,B & C =0 
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APPENDIX G 
COMPUTER PROGRAM TO FIT A GAUSSIAN DISTRIBUTION 
TO A ROCKING CRYSTAL CURVE 
A data input for the program is as follows: 
1. Cards 1-8 are required cards which do not pertain to the 
experimental data. These eight cards are listed at the end 
of the program immediately after the //G.DATA card. 
2. One card containing the number of experimental data points, 
191 
sample starting angle, angle increment, and neutron detector 
angle position with an input format of (lOX,I5,3Fl5.7). 
3. One card containing up to 80 characters of alphanumeric 
information with an input format of (20A4). The first 
six columns are reserved for special control words. 
4. One card containing up to 80 characters of alphanumeric 
information with an input format of (20A4). The first 
six columns are reserved for special control words. 
5. A set of cards containing the neutron count rate. The 
cards are read in until the number of data points specified 
in card 9 is reached. The input format is (8(4X,F6.0)). 
6. One card containing control word specifiying program 
status. The input format is (20A4). 
Additional data cards may be required depending upon the options 
called for in the various control words. The reader is referred to 
Ref. 54 for a comphensive explanation of the basics of the program. 
r 
192 
C 4~ EXPERIMENTAL ROUTINE WRITTEN TO FIT A GAUS S I~N FUNCTIO~ TO 
C ROCKING CRYSTAL CURVE 
c 




COMMON HODE l 20I,KODE(201,AT(3 , 51,ANV(3,31 
REAO (1,551 HZB,HNR 
READ (1,741 HOOE,KODE 
READ (1,571 ((AT(t,JI,t = 1,31,J=1,5l 
READ 11,751 ((ANV(I,J),I :a:1,3 1,Js1,31 









1 READ I 1,541 NC,DE GO ,DEG,OEG02 
WRITE (3,56 1 









Oil 4 t= 1 t NC 
AKI I 1=0 
DO 904 1=1,4 
HOBB ( I I= HZA( I I 
DIJ 5 I-=5,15 
HORfH I 1=0 
REAO INPUT DATA. 
6 REAO (1,551 HO BX 
J=JT ESTIHOBX (111 
GO TO .(7,37,41,4~,3 , 1,461 , J 
C READ UNKNOWN SPfCT RUM. 
c 
c 
1. DO A fz1,NC 
A ANGfii•OEGO+OEG*CI-11 
WRITE (3,58) HOAX 
WRITE (2,581 HOAX 
REAO (1,55) HOAX 
R E AO C 1, 55 7) ( Y ( I It I= 1 t NC l 
J= 1 
9 I F(K8Fil0,21 , 10 
10 DO 12 I • l,NC 
Y ( I I •Y ( I I - BK ( I l 
IFIY(I I I 11,12,1 2 
11 Y(T) • O 
12 CONTINUE 
C F IT UNKNOWN SPECTRUM AT P(K). 
c 
21 WRITE (3, 581 HORX 
WRIT E (2,58 ) HOBX 
WRITF (2 , 621 PK(J) 
WRIT E (3,62 ) PK(Jl 











26 WRITE (3,63) D 







WRITE (3,65) C,OO 
W~ITE (2,65) C,DO 
WRITE (3,66) RES 
WRITE (2,661 RES 
WRITE (3,681 
W R IT E ( 2, 68 J 
IF(IRJ28,28,29 
















GO TO 3lt 
33 T8K•81<(1) 
31t W~JTE (3,69) ANGCIJ,TAK,VCIJ,YF,YG 
WRITE f2t69) ANGfi),TBI<,Y(I),YF,YG 




37 READ (1,55) H088 
READflt557) CBKCJJ,I•l,NC) 
KBF•l 




DO 42- 1•1,15 
HOBT.C I J• HOB8 C I J 
42 HOl\8(1 )•0 • 
00 942 l•lt 4 
193 
r 
947 Hfl f\ACI t•HHB( I) 




41 KIJF~ t 
DO 44 1• 1,15 
44 HOBBl I J•HOBH I) 
GO TO 6 
c 
C ERROR DIAGNOS TIC S . 
c 
45 WRIT E (3,70) NC 
46 WRITE (3 9 72) 
CUL EX IT 
c 
C PR OGRAM EXIT. 
c 
c 
C NO PF.AK COMMENTC 
c 
c 
47 WRIT E (3,64) PKCJJ 
GO TO 35 





4R WRITE (3 9 73) 
IF\•O . As•ooo 
tT • l.t5•D00+0.5 
IF( 18149,49,50 
49 1"•1 
50 IF(IT-NC J52,52,51 
51 IT• NC 
'52 OIJ 53 1•18.1T 
53 WRITE (3,69) I.AKIIJ,YIIJ 
Gfl TO 35 
...... 
~4 FflRMAT ClOX,(5,3Fl5.7) 
55 F ORMAT Cl'5A4) 
56 FORMAT C'l ') 
• •••• 
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5 7 FORMAT ClOFA.OJ 
5'57 FORMATC8C4X,F6.0)J 
58 FORMAT C1'5A4/1XJ 
62 FORMAT C6X 31HTHE PEAK IS FXPECTED IN CHANNEL F7.7,1H./41HO ST 
ZART ROCKING CRY STAL CURVE ANALYSIS./ll) 
63 FORMAT (6X 35HTHE PEAK APPEARS TO BE NEAR CHANNEL F7.2elH.J 
64 FORMAT C33HO NO PEAK EXISTS NEAR CHANNEL F7.lelH.) 
6'5 FORMAT ( 27HO THE P EAK AMPLITUDE IS Ffte2t' AT 1 ,F6.Zt 1 OF.GRfFS.• 
2 ) 
66 FfJRMAT (6X 10HTHE FULL WI DTH HALF MAXIMUM ISF6.1,QH OEGREF.S .J 
6~ FORMAT (9~ ANG 6X 4H8(1) 6X 4HY(IJ 7X 3HFIT 5X 5HGAUSSJ 
69 FORMAT C4X, F5.t,4Fl0.1J 
70 FfJRMAT (42Hl THE NUM8F.R OF CHANNELS IS tNCORRFCT./6X 4~ • 14 
2/ t HO) 
72 FORMAT ( Z5HO fNO OF COMPUTATtON. IlHl ) 
73 FORMAT (9HO I 6X 4HRCI) 6X 4HY(IJ/1XJ 
74 FfJRMAT (20A4tl 20131 












FUNC TI ON JT ES TIH ARD I 
FUNCTION JT ES T TES TS THE WORn HARD TO SEE I F IT I S A SP EC I AL 
CONTROL WORD. 
CO MM ON HODEI 20 1,KODE I 20 1,ATI 3 ,5I,ANV( 3 , 31 
00 4 1-= 1' 20 
IF(HARD-HODE II)I 4,3,4 
JT ES T=KODE ( I I 
r.n TO 5 
CONTINUE 
JTF ST= l 
RF.TURN 
FNO 




FUNCT ION PEACH LOCATES THE PEAK II F ANY I TN TH E BANO NR-NT OF TH E 




DI MENSION YI4001,VYI 51 ,V NI 3 l,C1 3 1 
COMMON HOOE I 20 I, KODEI 20 1,ATI1,5l, ANV ( 3 , ~ l 
E QU IV AL E N C E I C ( 3 I , C 3 I , I C I 2 I , C 2 I , I C I 11 , C 1 I , I V Y I ''I , V Y 5 I 
C START AND I NITIAL TES TS. 
c 
c 
101 I F 15-NC il, 1 , 17 
1 I F I 1-N B I 2, 2 , 1 7 
2 I F I NT -NC I 3t 3 t1 7 
3 I F I ~R+4-NTI 5 , ~ , 4 
4 NB=NB- 1 
NT=NT+1 
GO TO 1 
C P~F-LOAO WI NDO W VFCTOR , VY, WITH F I RS T FOUR VALUE S OF Y. 
c 
c 
'5 NL=N R-2 
Dfl 6 J =2,5 
K=NL+J 




C MAIN ITER ATION START S HERE. 
c 
nn l t, I= NB, NL 
c 
C PUSH WIN DOW DOWN AN D ENTER NEXT Y VALU F I N TOP LOCA TI ON . 
c 
on 1 J-= 1, 4 
7 VY I JI =VYIJ+ll 
VY'5=Y CI+41 
c 
C PR E-MU LTIPLY WINDOW BY TRAN SPO~F MAT RI X TO ORTAIN NOR~A l v r.C TOP . 
c 
l) f) q J= 1, 3 
SUM=O 
c 
O'l R K=1,5 
8 SU M=SUM+AT!J , Kl*VY!Kl 
9 VN (Jl =SU M 
· c P~ E-MULTIPLY NORMAL VECTOR RY INVERSE MATRIX Trl OP. TAIN Sl'Ci lN f'-






DO l 1 J = 1, 3 
SU M=O 
DO 10 K= 1, 3 
10 SU M=SUM+ANV f J,Kl*VNfKl 
11 CIJ J=SUM 
TF.ST SECOND DER IVATIVE. 




EVALUATE PEAK LOCAT I ON TO DE TER MIN E I F IT I S I N WINOnw LI MIT S. 
XP=-C2/ !C3+C 3 l 
I F !l . -XP)l3,14,16 
13 I F I XP-5. l 14, 14,16 
c 














YP =I !C3*XP) +C7l *XP+C1 
I FIYP-B IGYl1 6 ,1 6 ,1 S 
IHGY=YP 
XI = I-1 
BTGX=XP+XI 
CONTI NUE 
END MAIN IT ERAT I ON ANO EX IT . 
PfACH =R IGX 
RETURN 
E~ROR RE TURN. 
17 WRIT E ( 3 , 1RI NA , NT,NC 
PEACH=-1 . 
== == = 
RETURN 
FOI(MA T S == === 
18 FOR MAT I l RHO PEACH ERROR./6X 4HNB 
2 14/lHO) 
END 
SUBROUTIN E DREPK (Y,N C,A, B, C, D, E I 
I 4/6X 4HNT = (4/ ~X 4HNC 
c 
C THIS ROU TIN E F IT S A MOO I FI ED GAUSS IAN FUNCT I ON TO A ROCKING 
C CRYSTAL CURVE 
c 
C FIX,A,B, C, O, EJ=A +B*X+C*EXP I E*IO-XI**2) 
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c 
I) t MENS I ON Y ( 400 I , Y W! 100 I , X WI 10 0 I , YF! 100 ) , X I 100 , 5 I t A II I 5 , 6 l , A ROW I 6 l 
c 
EQUIVI\LENCE IAA ! 1,4 ) , DC I,! AA C2 ,41 t DDl o iAAI3t4lt DE I 
c 
C S TART AND I NITI AL GUESSES 
c 
Q: 1. E4 
1 I-=0 +0 . 5 
J I G=O 
C1=0 . 
C2=0. 
DO 10 1 JK=? , 6 
10 1 C1=C1+Y(JKI/5. 
Dr) 10? JK =1, 5 
KK:NC-JK 
102 C2=C 2+YIK KI/ 5 . 
R= IC 2-Cli/INC-7) 
A=Cl-4 . *8 
C=YI I 1-A-B*I 
S IG=0. 323+0 . 0314*0 
F=-0 . 025/ I S I G• SI GI 
CCC=C 
01)0=0 
EE E= E 
Z= 1 
I S I G=S I G+SI G+C. 5 
I F ( I S I GI2t 2tl 
2 I S I G= l 
3 1 ~= 1- 3 
IT=I+1 
I=IS IG 
I F II B*INC-ITI 141,41,4 
4 I RB= I R-1 
ITT = IT+ 1 
IFII RB*INC- ITTII 8 ,R , 5 
5 IFI YIIRI-YI I BB II 8 , R, 6 
6 IFIYIITI - YIITTII 8 , 8,7 
1 I R= I qR 
IT= t TT 
I = I-1 
I F II) 8 , 8 ,4 
c 
C LOAD X AND Y WIN DO WS AND PRf PARE FI RS T TWO COLUMN S OF ~A TR IX X. 
c 
c 
8 J =O 
LL=4 
KK=ll-1 
Df'J q I= IR.tT 
J =J+1 
XWIJI = I 




C MATN IT ER ATI ON STARTS HERE . 
C P RE PAR E LAST THR EE COLUMN S OF "1ATRIX X AND LOhO VFC TOR VF FOR 
C LEAST SQ UAR E SO LUTI ON FOR CORRECTI ON TFR MS. 
c 
10 On 11 I = l,IHA X 
0 T X=O- XW (II 
EXPON=E XP ( E* OI X* OIXI 
X II, LL-3 I=EXPON 
XII,LL-2 1=2 .* E*C*OIX*EXPON 
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X( I,LL - U =C* DI X* O l X*EltPON 
ll Y F ( I l = Y W ( l l - ( A+ 8 *X W ( I I +C * F X P ON l 
c 
C PREPARE NOR MAL EOUAT ION S IN MATRIX AA . 
· c 
c 
O'J 1 5 I = 1 , K K 
on 1 3 J = 1, KK 
SUM= O 
DO 1 2 K=1,1MAX 
12 SlJM=SU M+ X ( K ,I l *X ( K ,JJ 
13 AA II,Jl =SUM 
SUM=O 
o n 14 K= 1, I MAX 
14 SUM= S ll M + X ( K , I I* Y F ( K ) 
15 AA(J,Lll=SUM 











00 24 I = 1, KK 
fH G= ABS ( AA I I , I) I 
K~IG=O 
on 17 K= 1, KK 
T = ABSIAA(K, Ill 
IFIT-A I G J17, 17,16 
16 B I G=T 
KR IG=K 
17 CONTIN UE 
I F ( FH G l 1, 38 , 18 
18 I F IK BIGl 1 , 21 ,1 9 
19 on 20 J = I,LL 
T= AA((,J l 
A A I I , J J = AA ( K B I G , J I 
20 AA(K ~ I G ,Jl=T 
2 1 T=1 . /A.A1Itll 
DO 22 J= I , LL 
22 AROW(JI = T*AA( I,J I 
0'1 2 3 1(: 1, K K 








DO 23 J s J,LL 
AA ( K,J I : AA( K , JI - T* AROW(J) 
DO 24 J.,.l, L L 
AAIJ,JJ x AROWIJI 
END OF L IN EAR EQUA TI ON SOLUT I O~ . 
APPLY COR R ECT I ON TERMS TO A, a , c , o , AND Et ORSERVING S I GN 
R ESTR I CT IONS. 
C::C +I DC*ZI 
IFI C I 25 , 26,26 
C=O 
0= 0+(00*1) 
IFI 0 -1.1 27 , 28 , 28 
0"' 1 
E= E + ( OE* Z J 
I F 1 El30 , 30,7.9 
E=O 




32 IFfABS(C/01 - ABSfDCII 36 9 36 9 ~3 
33 IF(A~$(0/01-AB$(0011 36 9 36,34 
34 IFfABS(E/01-ABS(OEII 36,36,35 
35 WRITE (3,421 IPASS 
WRITE (2,42) IPASS 
RETURN 
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IF(IPASS-33)10 9 37 9 37 
37 IPASS= IPASS-1 
WRIT E {3,431 JPAS S 
RETURN 
C INC ONS ISTENT EQUATIONS. RESFT CONS TA NTS FOR A SECOND TRY. 
c 
c 
38 IF(JIGJ41, 39 9 41 
39 IF(IPASSI41,41 9 4 0 
40 JI G= l 
B~ (C 2-C li/(NC-71 





WRIT E {3,451 tP ASS 
IPASS=O 
GO TO 10 











42 FORMAT {6X I2,12H ITERATI ONS. ) 
===·= 
43 FOR MAT {6X 49HWARNING. SUBROUTINE DREPK OlD NOT (.ONVFRGF AFTER I ~ 
2,12H ITERATIONS.I 
44 FORMAT I62HO SUBROUTIN E OREPK CANNOT OBTA IN A SnLUTI ON FOR T~J 
2S OATA./1XI 
45 FORMAT (6X 29HSURROUTIN E OR~PK FA IL ED AFTER 13 ,1 2H JT ER ATIONS./6X 
256HTHE CONVERGENCF RATE HA S BFEN RETARDED FOR A SFCONO TRY.I 
46 FOR MAT ( 5E l 6 . 8 1 
ENO 
1/G.DATA 00 * 
ZERO BACKGROUND NO BACKGROUN D 
*8ACBACK*NOR*NO NOBANO B*RECRECA*R EUREUS* ZERZERO*RELRF.LO* STOS TOP *ENOENO *L A~LAST 







-3 . 3 
1. 
1. 







4. 1 . 
-3 .3 
-o. 4285 7143 
3. 9 . 1 • 
0 . 7l42 q571E-0 1 
95 40 10 . 0 
RUN NUMBER 95 
95 RCCRD 8(01-20 ) 
120000411 121 000307 122000344 
128000472 1 29 000453 1 30000554 
13600210 6 13 7 002203 13 80024 45 
144001349 14 500097 9 146000743 
152000242 153000 139 154000181 
RUN NUMB ER 95 





155 000 123 
0 . 5 






75 . 0 
TH E P EAK I S EXP EC TED I N CHANNEL 20.00 . 
0 START ROCKING CRYS TAL CURV E ANA LYSIS . 
THF PEAK APPEARS TO BE NEAR CHANNEL 19 . A2 . 
3 IT ERATIONS. 
4 0 . 0 
25 . n 
12'>0002 713 
13l00 11 '> 7 
141 002 \38 
149000 366 
15700C206 
?<; . O 
0 THE PE AK AMPLITUDE I S 2203 . 56 ~ T 19. 92 DEGREE S. 
TH E FULL WIDTH HALF MAXIMUM I S 5. 0 1 DEGRFFS . 
0 ANG B(J) V( JI F IT GAU SS 
10 . 0 o.o 411 . 00 334.69 0 .1 2 
10 .5 o . o 3 0 7.00 329.9 2 0 . 34 
11 . 0 0 . 0 344.00 325 . 47 O. AA 
11. 5 0 . 0 380 . 00 32 1.7~ 2 .1 A 
12 . 0 o . o 289 . 00 319 . 69 5 . 0 7 
12 . 5 0 . 0 71A . OO 320 . 8 1 11.1 9 
13 . 0 o . o 387 . 00 327. 97 23 . 34 
13. 5 o . o 32 1. 00 345 .73 46 . 06 
14 . 0 o . o 472 . 00 380 . 78 86 . 17 
14 . 5 o . o 453.00 441. 98 152 . 30 
15 . 0 o . o 554 .00 5~9 . 60 254 . 92 
15 . 5 o . o 768 . 00 68~.50 4 03 . 80 
16.0 o . o 93 7.00 880 . 05 605 . 34 
16 . 5 0 . 0 1157 . 00 11 28 . 55 858 . A3 
17.0 o . o 1~63.00 141 7 .88 1153.15 
17 . 5 o .o 1719 .00 1775 . 0 7 1465 . 33 
18 . 0 o . o 2106 . 00 20 16 . 96 1762 . 20 
18 . 5 o.o 2203 . 00 2255.39 2 005.62 
19 .0 o . o 2445 . 00 2405.08 2 160.30 
19. 5 o . o 24 57 . 0 0 24 41. 96 2202. 17 
zo . o o . o ?3 17.00 2359.31 2 124.51 
20 . 5 o . o 21 38 . 00 ? 1 69 . 53 1939.71 
2 1 .0 o . o 1948 . 00 1900 . 89 1676 . 06 
21.~ o . o 15 14 . 00 1590 .45 13 70.60 
22 . 0 o . o 1349 . 00 12 75.59 1060 . 73 
22 . 5 o . o 979 . 00 986.78 776.91 
23 . 0 o . o 743 . 00 743.41 538.53 
23.5 0 . 0 581.00 553 . 17 353.2A 
24 . 0 o . o 4 6 1 . 00 414 . 23 219 . 33 
24 . 5 o . o 366 . 00 3 18.79 128.87 
25 . 0 o . o 246 . 00 256 . 59 71. 66 
25 . 5 o . o 177.00 2 17.65 37 . 71 
26 . 0 o . o 242 .00 193 . 73 18 . 7 9 
26. 5 0 . 0 139 . 00 178 . 82 A. 85 
27 . 0 0 . 0 18 1.00 16A. 92 3 . 95 
27 . 5 o . o 123 . 00 161. 65 1. 67 




14 20 0 19 48 
150000246 
158000 138 
o . o 
127 00C J 7 1 
13500 171 0 
14300 1514 
15 1000 177 




206 . 00 
13R .OO 
148 . 00 
150 . 26 
145.11 
140 . 0 7 
0 . 25 
0 . 09 




OPERATIONAL INSTRUCTIONS FOR NEUTRON SPECTROMETER 
The alignment of the neutron spectrometer is an involved and 
quite tedious procedure. An outline of this procedure is as follows: 
1. The goniometer is removed from the turn-table. 
2. The plumb bob is centered on the center mark of the turn-
table. This locates the axis of rotation for the spectrometer. 
3. The goniometer is replaced on the turn-table and securely 
fastened. 
4. The goniometer is adjusted so that it is in its mean position 
with respect to its different rocking dimensions. 
5. The collimator is rough aligned by eye. 
6. The rear alignment plug is inserted into the collimator. The 
alignment plugs are small blocks of aluminum which have been 
machined so that they are several mils smaller than the colli-
mator channel. These plugs have a centered circular hole 
through them with a cross-hair fitted in a centered position. 
Behind the rear plug a small 7-watt electric light bulb is 
fixed. It is used to illuminate the collimator channel for 
a transit. 
7. A transit on the specially designed tripod is positioned in 
the corner opposite the beam tube. 
8. The transit is leveled and adjusted in position until the rear 
alignment plug cross-hairs, the plumb bob and the transit cross-
hairs are perfectly aligned. 
9. The front alignment plug is inserted into the collimator. 
10. The front portion of the collimator is adjusted until the 
front alignment plug cross-hairs are aligned. 
Utilizing this procedure the spectrometer can be aligned. The 
·next problem is to zero the angle readouts. This is done with the 
reactor at power and the beam port open. The procedure for zeroing 
the readout for the two-theta arm (counter arm) is as follows: 
1. The two-theta arm is positioned parallel to the beam by 
rough eye approximation. 
2. The two-theta read out is set to read zero. 
3. The two-theta arm is moved to -5.0°. It is then swept 
through the beam with t;29=0.2° and t(time interval)=l2.5 
seconds from 9=-5.0° to +5.0°. 
4. The exact peak location is determined by the gaussian 
computer program. 
5. The two-theta read out is changed to the correct zero 
position as determined by step #4. 
An example of this method is shown in Fig. (11.06). With the 
two-theta arm now aligned, attention can now be turned to the theta 
read out. The alignment procedure for it is as follows: 
1. The two-theta arm is positioned in the beam at 29=zero. 
2. A 2"x4"xl/16" sheet of cadmimum is positioned in a sample 
holder fixed on the goniometer. 
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3. The sheet is moved perpendicular to the beam by goniometer 
manipulation until it is centered with respect to the plumb bob. 
204 
4. The sheet is placed parallel to the beam by eye and the theta 
read out is set equal to zero. 
5. The sample is rotated to 9=-5.0°. It is then rotated from 
-5.0° to +5.0° with ~Q increments of 0.1° and with time 
interval of 12.5 seconds. 
6. The maximum in the resulting curve corresponds to the correct 
zero position for the theta readout. 
If all alignments and adjustments have been performed correctly, 
the curve resulting from step #5 will be symmetric about the maximum. 
An example of this method is shown in Fig. (11.07). 
Since the control of the spectrometer is done remotely, care must 
be taken that all electrical cables between the various equipment com-
ponenets are connected properly. Fig. (11.08) is a schematic diagram 
showing the correct and necessary connections. 
In using the spectrometer the following start up sequence should 
be used. 
1. Position sample in sample holder on goniometer. 
2. Turn the power on to the control chassis, high voltage power 
supply, TV camera and the televisions. 
3. Turn on the high voltage and the DC amplifier in cable #2. 
4. Position 9 and 29 by AC motor drives to desired starting positions 
5. Set spectrometer controls for desired angle increments. Leave 
motor controls in AC position. 
6. Check all cable connections, referring to Fig. (11.08). 
7. Clear multi-channel analyzer (MCA) and set for timed count, 
205 
external control, cycle mode off, set conversion gain to 2 and 
coarse gain to 1/2, check fine gain and sensitivity for changed 
positions and turn analyzer to wait. 
8. Turn power on to time base generator (TBG), set C-21 cut out 
switch to out, select desired time interval and set automatic 
stop to normal. 
9. Open reactor beam port. Do not proceed until beam port motor 
is completely stopped. 
10. Push red manual start button on time base generator. 
11. Watch blue cycle light on time base generator, when light 
goes off turn multi-channel analyzer to store position. 
12. Proceed immediately to spectrometer controls and turn desired 
motor controls to DC. 
The equipment will now function automatically. 
With any piece of equipment there are parts that require extra 
maintenance or areas where problems are more likely to occur. The 
knowledge of these areas can be extremely helpful in keeping the equip-
ment functioning properly. The following list points out various 
maintenance problems. 
1. The BF3 counter amplifier contains four 6AK5 electronic tubes. 
These tubes tend to become noisey. When the noise background 
increases above average or the data takes on a ragged appearance, 
the source of trouble is usually a bad 6AK5 tube. These should 
be replaced periodically and as a set. 
206 
2. The large stepping relays should be inspected daily for 
wear and arcing. The other relays in the controls should 
be checked at least monthly. 
3. Care must be taken that at all times during operation that 
the cable connecting the two chassis be securely fastened. 
If this cable is loose, the motors may receive extra pulses. 
4. The nine volt battery in the DC amplifier in cable #2 
should be replaced every three months. 
5. The sensitivity control on the multi-channel analyzer 
should be adjusted to a position such that a maximum 
count rate is obtained with a minimum background. Once 
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Zeroing Two Theta Angle Read Out, Run 26 
Figure (11. 0 7) 
eo=-5.0° 
t.9= o. 1° 
0 --5 0° o- . 


































External Stop TBG 
TBG Out 
Detector Gate MCA 
External Start TBG 
Amplifier MCA 
Electrical Cable Connections 




1. Single Crystal Data 
The data used for determining the neutron most probable 
velocity is given in this section. The third line in each data 
set contains the following: the number of data points, angl~ 
increment, sample starting angle, and crystal d-spacing. For 
each run the neutron count rates for the maxwellian distribution 
and background are given. 
209 
210 
1 COPPER CRYSTAL RUN Ill 
1.0 
154 . 2 5.4 1.809?f-oq 
000000569 00 1000582 0020005 13 00300058 1 0040006 10 005000604 0060 00594 007 00 0 o2 1 008000700 009000672 010000729 01 100 0802 012000768 013000813 0 14000863 0 150 00 8') 0 0 16000866 0 17000929 018001018 0 1900 11 20 020001156 02 100 1224 0 2200 1 384 0 ?300 1'50 2 02400 1731 025001947 026002 235 02 7 C02506 028002 729 029003 163 0 30003545 0 3 100 19? '\ 
032004528 033004786 034005562 035006038 036006647 037007210 0 380 0797'> 0 39008 '· 50 0 40009022 041009601 04200 9847 0 430 10 152 044010643 045010854 0460 11 468 047 0 11M·4 048012357 049012792 050013038 051 0133 71 05201 3590 053013973 0540141 8A 0 550 14430 0560 14533 057014557 058014989 05901 5045 0600 1 5429 061015276 0620 15406 0 6 30 15 243 
15380 15 2 11 14864 1452 1 1444 3 14301 1437 1 l 40A'\ 
1 3906 141 83 13709 13087 12436 1 1908 11 294 111o'J 
11 53 1 1 0974 10559 1083 1 1 0911 10908 10869 10 '5 97 
10 430 10353 10133 9892 9713 9448 8 7 A1 Cl'.)l " 
8527 8735 8837 85 70 A617 8089 7 8h7 778 ~ 
7508 7336 73 02 7170 1336 7397 73?1 7l fl 4 
7097 70 10 6906 6713 6542 6586 61 5 4 o O">A 
6164 5904 5779 5'594 5544 5443 ') 3 27 '52 1 ~ 
'H40 52 4 6 50 17 5700 503 ? 49?Q '5 008 '• 7AO 4771 475 1 4590 4692 447 0 4 55 2 4490 441 ? 
4314 4191 4287 4215 4 097 394A 391 Q 31') 7? 
3820 368 1 
000000242 0 0 1000296 0 0 2000309 001000306 004000287 0050003 27 00600031 1 007 1)0 0 ~'i I 
0080003 1 8 009000:?82 0 100003'55 0 11 000325 0 12000318 013000 316 0 14000 30 7 0 15000 3 53 
016000363 0 1 7000353 0 1P000335 01900 0 364 02000036 2 02 10001 5'> 0 :?:' 000 349 0 2 300 (.. 37G 
0240003 .50 02 5000396 02h000402 02 7 000403 029000423 02 9000441 03 0 0 004 68 01 100050? 
03200044 2 033000449 0340005 1 3 035000487 03n0004 8 4 03 7000 ') R4 C' 1R00 050R ov~ooo c;c; 1 
0 400005'56 04 10006 1 3 0 42000599 043000609 0 4400063 9 0450006 30 0 4h0006 l 8 () 470006~1'l 
04 8000697 049 000697 050000743 05 10007 30 052000H27 0 53000746 0 54J00 7 2R J '>5 00 0 BOI 
056000829 05 7000803 058000807 059000825 Oh00008?9 061000 802 Oo?O OOACI9 06300 0 R40 
064000900 0 65000897 06600091 0 0 67000851 068000836 069000907 0 70000137h 0 7l OI)O o J 1 
0720008 46 0 73000887 0 74000892 075000867 076000R70 077000fl'5 0 0 7800086? 0 7900r,'iQJ 
080000863 08 1000840 082 000869 081000~77 084000913 08'5000896 OA 6000° 13 OR 7 0 00R<l<, 
088000RA4 089000892 090000864 091 0008'51 092000862 OB000854 094 0008 71 09500 0 Rf-7 
096000860 097000863 098000792 0990008 16 100000821 1 010 00844 102000 8 oO 10 1 0J0 859 
1 0 40008 16 10500089 9 1060008 17 1 0 7000830 108000840 109000 ~32 11 00008 51 l 1l 000R01 
112000902 1130008 77 114 00088 1 11 5000853 11 60001'14 8 1 1700 0861 11 8000887 119 0::>0901 
12000085 7 121 0009 19 1 22000887 1 23000870 124 0 0 0859 125000896 126000 R61 t?7 00 0 <JOL 
12800086 2 1 29000900 130000908 1 3 1 00087 8 13 2000874 1 31000876 1 34000891 13') 0009 34 
1 3600096 7 1 3700095 3 1380009 17 1 39000938 140000895 1 4 10009 14 l 4200 0R<l7 143 0 008 o 7 
14400096 4 145000924 146000959 147 00096 1 148000906 14900096 1 1 50000 9 A7 t 5 10u09 11 
1 52000898 1 53 0009 1 5 1 5400 1004 155000915 156000917 1 5700095 8 15A000947 1 590uu969 
1 COPPER CR YSTAL RIIN f/2 
1. 0 
150 .'l 5. 0 1. 1!09?f-OA 
000001 023 001 000986 002000952 003000980 004 000993 005001021 00 60009 72 007 000<1 4() 
00800 1086 009001029 01000 1 068 0 11 00 1 082 0 120011 68 0 13 00 1148 0 140011H7 0 1 '> 00 1? ?4 
0 1600 1147 0 1700 115 5 018001254 0 1 9001309 02000 1400 02 100 1465 0 2?00 150 4 02 1 00 161't 
02400 16RR 02500 186 7 026002054 02 7 0023 15 028002649 0290028 11 0~000317<; 0 11 00 3<;7 ') 
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2. Polycrystalline Data 
The data obtained from the various polycrystalline runs is 
listed in this section. The following abbreviations are used: 
MC = maxwellian curve 
RCC = rocking crystal curve 
RD = rolling direction 
CRD = cross rolling direction 
RD+45 = sample rocked 45° from the rolling direction 
(T) = transmission curve 
BG = background 
NDP = number of data points 
THETA = sample starting angle 
DEL THETA = angle increment of sample 
TWO THETA = neutron detector starting angle 
DEL TWO THETA = angle increment of detector 
The reactor power is expressed in kilowatts and count time 
per channel in seconds. 
A summary of the experiment runs is listed followed by the 
complete sequence of data. 
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1 MCR~ R SERIFS 
? ~Cf.RO B SERIFS 
3 ~CRDAG R SERIFS 
4 MCRO B(Ol-051 
5 MCRD 8(26-301 
6 MCRO 8(26-~0) 
7 MCRO 8(41-54) 
8 MCRD BC06-?61 
q MCRO BC31-40l 
10 RCC~O 8 SFRifS 
11 MCRO B SERIFS 
12 RCf.RO CC01-25l 
1~ RCCRD CC01-25l 
14 RCCRO C(01-15) 
15 RCCRO C(?6-5CI 
16 MCRO Cf26-50) 
17 RCCRD ((16-251 
18 ~CRO Cfl6-25) 
1q MCRO ((16-251 
?0 RCCRO CCOll 
?l MCRD C(Oll 
22 RCCRD ((02) 
23 RCCRD CC01-02l 
24 RCCRO D SERlFS 
25 ~CRO 0 SERIF~ 
26 7ERO TWO THFTA 
?7 RCCRD 0 SFRIFS 
2~ Mf.RO n SFRIFS 
29 RCCRD E SERif~ 
30 MCRD E SFRIFS 
31 RCCRD(Tl R SERIFS 
32 MCRD(T) ~ SFRIFS 
33 RCCRD+45(Tl R SERIFS 
~4 RCCRD(Tl R SERIFS 
~5 MCCRO(TI B SERIFS 
36 RCCRO R SERIES 
37 RCCRD B SERIFS 
3R RCCR0+45 8 SERIFS 
39 RCCCRO R SFRIES 
40 NO SA ~PLE 
41 RCCRD EIOI-?01 
42 RCCRO ( T) Ef 01-?0 I 
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4R MCRO F(Ol-101 
4q RCCCPO FIOl-101 
50 MCCRO Ff01-lfl 
51 RCCRO G SERI>S 
52 MCRn G SERIES 
'5~ PCCR.D( Tl G SfR ff<:; 
~4 PCC~0+45 \. SFRIFS 
55 RCCR.0+45(TI G SERI>S 
'56 RCCCRO G SERifS 
57 RCCCRnfTI G SERIFS 
'5A MCROAG G SERI~S 
59 RCCROfTI G SFRIFS 





























































RCCRO[T) H SEQif<; 
MCRD H <:;f'RIFS 
RCCR0+45 ~ SFRI[S 
Rf.CR.0+45(Tl H SERIES 
RCCCRO H SFR IF S 
RCCCROCTI H SFRIES 
RCCRO(T) H SERIFS 
~CCRO H SERIFS 
RCCRO .\ SERIFS 
MC R 0 A S E R IE S 
MCRORG A SFR IFS 
RCCRO{T) A SFRTFS 
RCC~0+45 h SERIFS 
RCCRD+45(Tl A S(Pf~S 
PCCRO A SERIFS 
RCCCRO(Tl A SFRIFS 
LAUE CURVE A SfDIES 

























RCC~O II. SERIFS 
MC R f) A S E R I F S 
RCCRD f.(Ol-l11+A SbRIFS 
MCRO CI01-13l+~ SERIES 
RCCRD A SERIFS+Cf01-131 
MCRO A SERIF.S+C(Ol-1~1 
RCCRO C!Ol-l3J+~ SERIES ~IXFO 
MCRO C(Ol-13)+A SEqiFS ~IXEO 
RCCRO C(Ol-13l+A SERI~S ~IXEO 
MCRO C(Ol-13l+A SERieS ~JXFO 
RCCRD(T) B SERIFS 
PCCCROITI q SERIFS 
RCCR0+45(Tl R SERIES 
RCC(RO•CRO)(Tl R SERIES 
RCCR0(+45f.-45J!TlR SERIES 
Rf.C CU XL 
RCC CU XL 
RCC CU XL 
220 
221 
121 RCC cu XL 
122 RCC cu XL 
12 3 ~cc cu XL 
124 RCC cu XL 
12 5 RCC cu XL 
126 RCC cu XL 
127 RCC cu XL 
128 RCC cu XL 
129 RCC cu XL 
130 RCC cu XL 
131 RCC CU XL 
132 MC CU XL 
133 '1CRG CU XL 
134 RCC LIF XL 
135 MC LIF XL 
136 MCRG LIF XL 
137 ZERO THETA 
118 RCCRD ? MIL R 5FRIES 
139 RCCRO 4 MIL A SERIFS 
140 RCCRD 6 MIL H SFRIES 
141 RCCRD 12 MIL F Sf!o(IFS 
222 
RUN NUM BER 
MCRO R SER I ES PO WER= 50 . TIM F= 7 '> . 0 
PII OP=294 THETA = 5 . 0 DEL THE TA= 0 . 2 TWO TH ETA= 10 . 0 DEL TWO THE TA= 0 . 4 
1 524 2 4 8 9 3 490 4 485 5 4 A3 6 4~3 7 4 R5 8 4 c;q 
9 468 10 51 R 1 1 4 8'5 1 7 510 13 4 8A 14 4A7 15 4AO 16 403 
17 4 9 0 18 544 19 5 49 2 0 480 2 1 4R 8 22 55 7 n 605 7 4 5P 
2 5 4A9 2 6 49 2 21 5'>3 28 611 79 4 9 0 30 ';O? 31 5 4 3 32 C:,1'). 
·n 5 '5 A 34 536 35 5 40 36 608 'H 649 3R 6~0 39 67Q 40 60~ 
41 710 4 2 769 4 3 7 96 44 ~ 7A 45 A99 ItA 9A4 47 10 32 4H 1121 
49 1115 50 12')9 5 1 1308 5 2 1 394 5 3 1496 54 1 A12 55 1667 56 l 6 'H 
57 1 8 43 5 8 1947 5C) 19":\2 6C 7.0 '> 0 6 1 2204 62 (' ~ l3 6~ 23?4 64 ? 5// 
6 5 260 6 66 2 6 2 4 6 7 2 793 6 8 2 9 ?8 6 9 29 12 7 0 3 12 1 7 1 1 1 ?!' 17 1~Vi 
73 343 7 74 3 490 75 3582 76 3 'i8 6 7 7 3692 7A 38 ~0 79 3773 PO ~Hl7 
8 1 378 1 82 3903 8 3 3 944 84 4 092 AS 4076 A6 4 705 P.7 4 1 A3 RA 4777 
R9 4 303 9 0 4320 91 4418 9 2 4 5 17 93 4".\63 9/i 4".\37 os 4422 q6 4177 
9 7 41 5 9 9 8 410 7 99 4045 100 ~9 79 10 1 390 1 1 02 3 779 103 360 4 10 4 36 14 
10 5 3'>02 106 3287 10 7 32 7 8 1 08 332 1 1 09 3496 1 10 14 4 0 111 1421 I l? 'i c; 1 J 
111 1 6 71 114 34 96 115 3629 11 6 3 76 5 11 7 368C) li P 36()1 1 1 f) 3 7 A5 120 18? 1 
1 2 1 375 1 12 2 3804 173 36f.4 1? 4 36 80 125 3114 1?.6 3':>9 1 1 7.7 364 () 12R 1'i73 
129 3 554 130 345 5 1 3 1 3590 1 32 34 RO 133 3573 134 14 7 9 1 v; V54 4 116 ~(. 0 0 
1 37 1471 1 38 345 7 119 34 AR 140 34 14 14 L 1 4 3 4 1 47 11 'i2 14 3 341 2 144 1134 
14 '> 3 2 74 146 3191 147 3119 l4 fl 11 5 7 149 11 3 5 150 30% I 5 1 3 11 5 15 2 ?-J ?( 
1 c; 3 2971 154 2 8 4 1 155 2 9 08 156 2A 17 157 2715 1 5A ?QOO J 5C) 7 70 6 160 ?6Q5 
) 6 1 768'3 162 2624 163 7544 1 6 4 2 497 1 65 25".\3 1 6 6 ? 4 1l0 ) fo7 23il1 16A 7 4'1 '> 
169 ? 4 '> 4 170 233 4 171 2333 1 72 ?. 1 6 1 1 71 7. 174 1 74 2 1 Af> 175 20"o 176 2 1 7 J 
177 21 95 178 2 11 2 1 79 1948 1 80 1R68 18 1 1887 1 8? 1 R <;A 1 R3 I R55 1M 1 7h l 
185 1 ~91 186 1729 1 R7 1684 1 88 17 83 1 A<l 110 1 19 0 l 7'i 1 19 1 17 0'3 10 2 16"'>9 
19 3 15 'i 3 194 1491 195 144 7 1 96 147 8 1 Q7 1438 19 P 1394 l OQ 114'> 700 14?0 
20 1 140 0 2 02 141 0 20 3 138? 2 04 1 3R9 205 1393 20o 1420 ?0 7 l)"l,':> ?OA 1 "l, 1 ':> 
?09 ll 0 3 2 10 1 2 9 3 2 11 l ?. fo 3 2 1 7 1247 71 3 12134 ?1 4 12 86 7l"i 1?40 2 16 l 1on 
2 17 1 209 2 18 1205 219 1 20 1 220 12 4 0 22 1 1207 222 11 7 0 223 117 3 ?24 IPq 
22 5 1 1 "l, 1 22 6 11 5 3 22 7 11 79 2?A 11 03 229 1203 2'30 L09'i ?1 1 106 1 237 10 R7 
2'3 3 1144 2 34 1144 ?35 11 9 1 2 1 6 1162 237 11 4? 21!:l 11 $l,Q 7 3!} 114 G 2 4 0 I 1 P 1 
7 41 10 91 2 4 2 11 4 8 2 4 3 11 1 7 2 44 10 7'3 24 5 1117 ? 4 6 1117 2 4 7 1 132 24A 10f- 1 
2 4 9 1052 2 50 1035 2 '51 10 7 5 2 5 2 10 17 253 11 96 254 10 79 755 1090 2 '>6 109 1 
?.5 7 96 7 2 5 8 1045 259 1109 2 6 0 1054 2 61 10 4 2 267 10 4 0 263 1 1? 7 7A4 O~ t) 
7 h 5 l 057 2 6 6 1004 267 934 2 6 8 104 A 269 qqa 2 70 Q7 A 2 71 10 7'3 772 1 05•) 
213 11 0 2 2 74 1017 2 75 100 1 2 7 6 1085 21 1 103 4 278 10 4 5 2 79 q(\5 ?FlO 10 'iA 
28 1 1054 282 9 5 1 283 95R 284 95R 285 9A 4 7A6 0 44 7A7 91 1 28R ()';6 
2 A9 9 03 2 90 94 3 ? 91 9 50 2n 976 293 9 18 2 ° 4 9cn 
RUN NUM BER 2 
MCCR O 8 SER I ES PO WER= so . TI ,.. F= ?5 . 0 
NDP =289 TH ETA = 5 . 0 DEL THETA = O. 2 TWO TH E TA -= l C . 0 nE l TWO TH E TA= ::> . 4 
1 2A5 2 211 3 228 4 195 5 241 6 2 1 '5 7 213 q 2hfl 
9 241 10 287 11 2 79 12 276 13 ?75 14 ? 4 0 15 277 1A H O 
17 7.9 4 lA 280 19 320 20 286 2 1 344 2 2 455 23 34 5 24 v. 1 
2 5 3 32 26 3 04 21 '333 28 '3 44 29 3 83 30 ~ 54 3 1 34R 3? -~63 
33 3 7 3 34 38 4 3 5 392 3f. 411 3 7 415 3A 4 41 39 4 5'> '•0 41
1+ 
41 4 A4 4 2 '555 4 3 502 44 56 1 45 631 4 6 6 16 47 64 1 4R 7? <) 
49 1'> 7 50 774 5 1 859 52 8'>3 53 qz9 54 <l62 55 10 2 1 56 11 () 7 
57 11 00 5R 1 266 59 1174 60 1218 6 1 1'3 '34 62 13 4 8 63 1'39'> 64 1471 
65 1 5 4 2 6 6 161 9 67 1668 68 1790 69 186 1 7 0 1 Al3 71 19 32 17 ? 1) 0~ 
223 
7~ 1938 74 1987 75 2 111 76 2 152 77 2300 7 R 2 2 1A 7 CJ 2304 li D 721, I 
R1 22 7'5 82 2474 83 74 10 84 253 2 85 2480 A6 74'50 R7 2'>99 A ~ ? r.~ ·1 
89 263 1 90 2601 9 1 268'5 n 2773 93 2 723 94 7693 95 nv> Qf, ;,1711) 
Q7 26 7 3 98 2 71') 9Q 2705 100 2670 1 0 1 246 8 102 2 464 10'3 2'3CJ5 10 4 2414 
10 5 2292 10 6 226 7 10 7 22 47 1 08 23 11 10 9 7.27 2 1 1 0 2786 1ll 22~9 11 2 2 31)6 
1 13 247'1 114 2 458 11 5 2523 116 2 '566 117 24 63 11 8 26 15 119 75'30 120 ;'j q;) 
1 2 I 2 566 1 22 260P 123 ? 4 fH 1 24 24 02 12 5 24 6 4 126 2572 127 2'3A4 17.8 Jlt 'J 7 
1 ? 9 ?. 4n 1 30 248'3 131 24 6 1 1 3? 2446 133 2 '31 2 1 34 2402 135 2443 1 3A 24"i7 
137 25 1 2 1 38 2418 l39 2 464 140 2398 141 7405 14 2 2 40 1 143 74 0 6 144 ? '3 2 ·~ 
14'5 7780 146 2 4 5 1 147 226'3 148 225 CJ 149 22 4 0 1 '>0 2729 15 1 7230 157 ?? l ') 
153 2 199 15 4 2 170 155 2 120 1 56 2 11 0 157 2 13 3 15 fl 2 147 159 2 10 7 160 7054 
161 20 53 162 2057 16'3 18 7 2 164 197.9 165 197 1 166 l A7Q 167 19 46 16H 1P.67 
169 1 An7 170 18 1 t 1 71 1Rl3 117 l7A7 173 1 734 174 1 7M 17"i 1606 176 17?'l 
177 16 1 8 176 1668 1 79 171 2 180 1616 1 81 172 4 18 2 16 0 7 1R3 17 17 1 A4 1"1 tt 'l 
lA S 1 605 1 86 1 564 1 87 16 1 5 1 88 1505 189 1509 19 0 1471 19 1 14 '>6 10 2 ! )01. 
19 3 1198 194 1 293 195 1374 196 134 8 1 qJ 1235 19R 1 ~PO \OQ L336 200 1 :q q 
70 1 1 279 202 1294 203 1 280 204 14 '31 20'i 132 2 7. 06 1141 20 7 12An / Of! 1'3 ? '1 
209 1 269 2 10 1259 2 11 1346 2 12 1'366 2 13 1269 2 14 1731 2 15 1 2 14 :;11 6 l 2A ' 
7 11 1 2 13 2 18 1178 2 19 11 97 220 1724 ?2 1 1174 227 1 156 221 11 6A ? 7'• I ;> '\ 1 
725 120 '5 226 1 20CJ 27. 7 11 58 22~ 11 9 3 229 120 1 n o 1 7. 75 2 1 1 120 3 737 I? A7 
2 ~1 1 26 4 2 3 4 123 1 235 11 A1 23tl 1270 237 1223 23A 1 2 55 739 17 10 240 J) 3 1 
741 1 274 242 1 250 243 114'3 244 1?4 1 2 45 121 1 246 1 1 5 1 24 7 11~'3 ~ 4 A I ?Vt 
24Q 11 20 250 109 5 2 51 11 5 1 757 11 55 253 111 A 254 11 54 7~'.> 10 7 1 ? 56 I (J 'l/ 
2 57 103 5 25 8 1074 25Q 11 00 26 0 102 5 261 107 1 26 2 10 26 261 l C 4 1 2 M Q7 7 
765 1 022 266 1080 26 7 10 41 ?68 105 6 269 99 3 ?. 70 l") n 2 71 l C CO ?77. <" 7 q 
2 7 3 987 274 1C36 27 5 9 44 2 76 1016 2 77 941 2 7 A 9'55 21Q 1 £) 0 1 ?A(I '14 ~ 
281 Q"i4 282 859 283 024 2 84 9 '37 285 Q(l 1 2 86 A<; q 2H 7 9 ?4 2~Jl Q:' 1 
?~9 A 59 
RUN NUMR ER ~ 
MCR ORG R S FPTf S POWER = ') 0 . TI ME= 25 . () 
NOP: l4 7 THF TA = 5 . 0 DEL THF TA = 0 .4 TW O H IETt\ = 10 . 0 I)El TwO THF TI\ -= () . <l 
1 4 24 2 3 19 ~ 4 C9 4 37 1 5 34 3 f, ~7 6 7 37 1 A ~., 1 
9 4 7 'i 10 36 1 ll 3~5 17 402 1 3 199 14 4AO 1'5 4 2 7 l A h2'1 
1 7 4 12 18 3'5 1 19 4? 0 70 40 7 7.1 37 ~ 2 2 447 7.'3 "38 6 7. 4 1''7 
25 42Q 7.6 4 2 1 27 433 2A 447 7'1 4'5 A ~ 0 4 P9 1 1 5 19 12 5 ')1 
':\3 sn 3 4 775 ~r; 6AO 36 60 1 ~7 A0 1 3 q "i90 39 o l 5 4C f> l7 
41 6 'H 42 627 43 60R 44 111 45 6~'5 4 6 74 5 47 9 13 4fl 71 q 
4Q 771 50 695 'H 73 1 52 6 17 '5 1 f-.0 1 54 6 6 1 '.> 5 AQO o;~ 6( 1 
'57 .S20 58 695 59 6?4 6<' 604 6 1 61 1 62 A 3 1 63 r, ~ 3 64 ?A 'i 
65 '58 3 6 6 66 1 67 887 68 7~4 69 72 2 7C h65 71 AR~ 77 c; Q(' 
7 3 6 42 74 624 7'1 56 1 1t- 5R4 77 540 7R 59 1 70 "i~3 RO S lt. 
8 1 505 82 507 81 585 A4 5 13 AS 525 86 4 77 ~7 'l O I AP 4 ., ... 
RQ 43 1 90 44 9 CJ 1 406 CJ 2 42 1 en 4 72 94 4 12 9 5 '39'5 or, ~7 '1 
97 341 98 377 qq 'H7 100 ~1 9 10 1 17.5 1 02 '3'32 103 ~7 2 10 4 174 
10 5 196 106 324 107 342 l OP 3 13 109 33 7 1 10 3 3 3 1 11 2 R4 11 2 167 
1 1 1 11 3 114 361 ll "i 344 11 6 36'5 117 ?98 11 q 29 1 11 C) 3 14 170 1 17 
12 1 340 122 301 1 2 ~ 2 76 1?4 30 0 17.5 27Q 126 W?. 127 2 79 12A ?A l 
129 317 130 29 5 1 3 1 298 1 32 302 133 2 75 1 34 29 1 13"i 2 8 6 136 2A 6 
137 116 1 3A 30 1 no 278 l 4C 28 6 141 33 1 1 42 ? 79 143 305 144 2P 1 
14 5 2CJ5 146 3 16 14 7 297 
RUN NU MRF.R 4 
MCR D fH 0 1-05 l POWER= 2 0 . T ft-1 E= SO . 0 
224 
NOP = 76 THETA: 50 . 0 OH THE TA= 0 . 5 TWO TH ETA = 10 . 0 nF L TWO TH ETA= I • 0 
1 1 598 2 1274 3 1215 4 11 65 ') 11 52 6 I 154 7 11 01 R 111 '> 
Q ll f-4 10 11 5 4 11 124 2 1 2 n5R 13 1 7.R 1 14 1 ~77 15 1495 16 15 20 
17 1702 18 1906 19 24'57 20 2605 2 1 2592 22 2 79~ 23 3 03Q 24 'B3f 
25 3482 2 6 ~868 2 1 422 1 28 4 159 29 43Ql 30 4720 3 1 48 16 37 4 R1 'i 
33 4932 34 4956 35 5004 36 5169 37 5245 3 8 5 0 21 39 4Q6 0 40 '· ~~9 
41 41,97 42 4595 43 4644 44 4519 45 4155 4 6 4470 47 4445 48 4 32 1 
49 4166 50 4151 5 1 3939 52 37nO 53 37L8 54 3 763 1)5 3573 c;6 34 7,4 
5 7 3252 58 32 7 3 59 3366 6C 3034 61 3157 67 3 116 l-13 3005 6 4 29 1" 
65 ?324 66 264 3 67 25 16 6 8 2514 n9 2532 7 0 22M 71 2234 77 ??P 
73 2 198 74 2 196 71) 2097 76 2 1 05 
RUN NU~~ ER 5 
MCRD R C26-30 J POWER= 100 . TIM E= '>0 . 0 
NOP~ 71 TH ETA = 5 . 0 DEL THF. TA= 0 . 5 TWO THETI\= 10 . 0 OF- l TWO THFTI\= 1. 0 
1 809 2 648 3 6 13 4 599 5 575 6 6 10 7 57q n ') q 1 
q 6 44 10 645 11 657 12 6n 7 n 75 A 14 746 15 775 16 Q4 ~ 
1 7 q7R 18 1055 19 11 09 20 1 2 7 2 ?.1 1405 n I 58 1 2 3 1 ~'5h 74 ! AI,? 
25 1943 26 2 1 69 2 7 2235 2R 2333 29 245 7 30 ?AOO 3 1 2A 17 12 769 '~ 
31 2845 34 2 687 35 2839 36 287 6 37 274 8 3A ?79~ 39 77~5 4 0 ?R1:? 
41 2 761 4 2 2653 43 2602 44 2'>68 45 2613 4 h 2">3 7 47 2 444 4A 241 Cl 
4 9 2489 50 2 55P 5 1 2 1 8P 52 21 58 53 2130 '54 2 0 11 55 ?00 4 "t> 1 Q H"\ 
57 1859 58 18 11 59 16 Q6 60 17 00 t>l 17'i2 62 16 7 R 6~ 1605 n4 1 ') 74 
6'5 151 7 66 1388 67 14 01 68 1326 69 1 2 8 5 1 0 125R 71 12 31 
RUN NUMB ER 6 
MCRD 8 ( 26-30 ) POWER= 1 00 . TI"'E= 'J<; . I) 
NDP = l OO THf TA = 25.0 DEL THETA= 0 . 1 nm THETA= 50 . 0 nEL TW O THETA= 0 . 7 
1 1 520 2 142ft 3 1459 4 14Q9 5 1431 6 1 ') 08 7 1500 ~ 14~0 
9 15 14 10 10f. 11 1512 17 1453 13 152 4 14 l4AO 1 5 1 "i 20 16 15n2 
17 1 571 1 8 1487 19 1499 2C 1475 21 1524 ?7 15 16 z:a. 14 7c; ? 4 1 "i'\7 
25 1493 26 1494 27 14 8 1 28 1395 29 1475 3 0 1'> 1 2 3 1 15 73 " 2 14(\Q 
33 153A 34 1447 35 14 24 36 14 9 1 'H 1425 3R 14 20 " q 141 Q 40 144 7 
41 1 3 1 2 42 1 395 43 1365 44 1361 4'> 1377 46 l 137 47 n11 4A 12°fl 
4Q 1308 50 1304 5 1 13?A 52 1268 53 1 334 54 nt'> 55 12 3<) 56 1 2:)0 
57 1 176 58 11 99 59 11 87 60 124 1 6 1 1145 62 1 177 6'\ 11h 3 f.o lt 11 ?3 
65 ll44 66 11 28 1>1 11 "i3 68 116 8 69 11 p~ 7 0 l 11 A 7 1 10 74 17 1 0 ~5 
73 11 39 74 11 6 9 7'; 1072 76 1 013 1 77 11 07 7 A 10 74 7Q 1004 QQ l 0 "'~ 
81 10 69 82 971 83 1063 84 978 RS 9 7 A An Clf\5 A7 10 15 AA 91, 1 
A9 91 7 90 90Q 9 1 9 59 qz Q63 93 Q34 94 Cl44 95 C'l20 0(, Q l 1 
97 9 4 4 98 860 qq 9h3 100 913 
RUN NUMR ER 7 
MCR O 8(41-54) POWER= 50 . TIM E= 'iu . O 
NOP= 78 THE TA = 5 . 0 DEL THETA= 0 .5 Twn TH ETA = 10 . 0 Ofl TWO TH ETA= l • 0 
485 2 451 3 4 0 '5 4 381 5 433 h 4B 1 441 A '•4 'i 
225 
9 447 10 445 11 471 12 479 13 528 14 ')R9 1 5 59":\ 16 f>')'l 
t1 71 5 18 786 19 998 2G 1215 2 1 13':\ 0 22 l'i4A ?1 16?4 24 lH AQ 
2 5 19 79 26 2207 ?7 2395 28 2 534 29 277 0 10 2A 56 3 1 ?AR9 12 30 74 
·n 30 92 34 3 17 0 35 3297 ":\6 344 1 37 335 1 1A 1 241 19 3269 40 1 l i'n 
41 3 111 42 295 1 43 2868 44 27A 1 45 2803 46 2R09 47 2 779 4A 21h1 
49 2 747 50 2587 51 2528 52 2 596 53 2305 54 2 11P, 55 2283 'lo 222~ 
5 7 2 181 5 8 2 137 '59 2003 60 201 4 t-.1 1902 A? l 'H 9 
"' 
n <n 64 17(3 
A5 1717 66 15 7 3 67 1530 6P. 1484 69 1426 70 1442 11 135 1 17 132') 
7 3 12 17 74 1 258 ?c; 1139 7f. 11 32 77 108 7 78 11 29 
RUN NU"18 ER A 
~CR O f\106- 26 1 PO WF.R= so. TJ MF = 2'5 . 0 
NO P= 7f\ THf TA = 5 . 0 DEL THF TA = o. s TWO THE TA= 10 . 0 OEL TW O THF TA= l . fl 
1 228 2 183 3 186 4 192 5 213 6 167 7 2 17 R ?Q ? 
9 7.67 10 282 1 1 ?AS 12 257 13 2 76 14 28? 1 c; ~ 1 -~ 16 4? 4 
17 453 18 531 19 609 70 641 7.1 A03 2? ')61) n 10 79 2'• 1?.":\'l 
25 1338 26 1 63~ 21 161 0 28 1707 29 1962 10 1942 3 1 ? l AO 1? /? 4? 
3 3 2n'5 34 2307 35 2395 36 24 15 37 7187 1 8 ?351 3Q 24 1 '5 4(' ?41')') 
41 ?29~ 42 206ft 4 ":\ 2200 44 1950 4'> 19AO 4A 198q 4 7 ? ORO 4'l ?0 7 ,, 
4Cl 20 7 3 50 19 36 5 1 1939 52 1 Rh 2 53 182 1 54 190 5 ')') 1nn? ')/-, 1 7 4() 
5 7 163A SA 16 25 59 1529 60 1563 6 1 14 97 62 13R7 A1 1"314 64 J 2R 7 
65 13 37 66 12 0 7 67 12 08 68 ll 64 6') 11 ?l 7() 1014 71 10 24 7/ () 4 ~. 
7 3 86 1 74 907 75 812 71- 900 77 829 7R 74'• 
RUN NUM AER q 
~CR O 8 13 1-40 1 POWFR= ') C' . TI~ F -= 2'> . 0 
NOP= 7 P, THE TA = 5 . 0 DE L THE TA = 0 . 5 TWO THF TI\ = 10 . 0 I')F L TW O TH ETA= 1 • 0 
212 2 31 02 3 3967 4 38') 2 5 44 9 ?. 6 314 2 7 4 22?. R 44 fP 
9 4642 10 4882 11 5282 12 4n 92 13 5022 14 '>102 1'> oln? 1n 716/ 
17 7647 18 9 092 } Q 10477. 7.0 11 572 21 13M2 ?.7 1'5482 71 18?77 ?. 4 1Q49? 
25 2 l q92 26 25f.l2 21 25562 28 2 75 52 29 1073? 30 3 1452 ':\ 1 H78?. 3 7 1 46 4 ? 
13 34 q82 34 362 12 35 3 84 62 16 38052 17 37642 3~ 373R2 19 3693? 40 1 63 '5 ~ 
4 1 3500 7 4 2 323".32 4 3 331 22 44 30992 45 3 16?2 4() 3 131 2 47 ·n '> 12 4R 311">/ 
49 31q52 50 2968? 51 299 12 52 28302 53 2 744 7. 54 2 7942 'l'5 :? '>402 ')f> 2f>l, c;? 
57 24412 5 8 2441 2 59 23262 60 23232 6 1 ?7.922 67 2 1172 f>3 2G22? 1-,4 20 1l'i' 
65 l 97P.2 66 19327 67 18 152 6A 173 32 A9 1679 2 7(· I '>R27 7 1 14q07 77 14 '51? 
7 3 13q3? 74 13552 75 135 12 1£> 11'3 52 77 12602 78 I 1 73 0 
RUN Nll~I\ E R 10 
RC CRO ~ S ER I E S POWE~= 5C' . T l ~ E = 17 . '5 
NOP ::: 9 f. THETA = 5 . 0 DE L TH ETA = 0 . 2 TWO THET A= 4 0 . 0 O[ L TWO TH ETA = o. o 
1 2 50 2 171 3 l A4 4 7 20 5 192 f. 706 1 178 ~ I A !~ 
9 225 10 199 I 1 2 16 17 206 13 196 14 190 l 'i 200 1n 1 R0 
17 213 1 8 290 l Q 206 20 226 21 233 22 2 1A 73 207 7. 4 ?A'1 
2'5 325 26 293 21 3 12 28 309 29 36 0 30 3P.3 1 1 411 12 4 30 
33 'l70 34 5 33 35 '590 36 6'5 7 17 74 2 38 R0 7 3 C) 938 4 0 917 
4 1 1 ~63 4 2 11 '57 4 3 11 R2 44 1 2 19 4 5 1376 4 6 14 71 47 14 R7 4 A 1 '589 
49 15'55 50 1652 51 1656 52 1676 53 172 7 54 163 1 '5'5 1 ') 27 sn 1'i l:4 
226 
57 1486 58 1467 59 1396 60 131 0 6 1 1237 6 2 1176 6 3 1058 64 102 5 
65 831 66 77A 67 689 68 627 69 '>68 1 0 486 7l 3A4 12 391 
73 3 10 74 307 75 273 76 237 77 233 7 8 232 79 202 RO 19 0 
8 1 177 82 152 83 160 84 200 85 127 86 11 9 87 11 3 A8 126 
89 13 0 90 150 9 1 1 09 92 141 93 29 1 94 120 95 137 96 143 
RUN NUMBER 11 
MCRO R SER I ES POWER= so. TIM E= 25 . 0 
NOP = 74 THETA= 5 . 0 OFL TH ETA = 0 . 5 TWO TH ETA= 4 0 . 0 DEL TWO THETA= o . o 
1 320 2 286 3 285 4 291 5 2 7 0 6 294 7 4"i 2 8 386 
9 296 10 294 11 324 12 343 13 3 7 0 14 404 15 526 16 49R 
17 5 95 18 760 19 872 2 0 1161 2 1 1226 22 1 387 2 ~ 16 17 74 1700 
2 5 2034 26 2 1 5 7 21 2380 28 2 62 2 2 9 2890 30 3054 3 1 3 42 7 32 3154 
33 3442 34 3675 35 3811 36 3881 37 3968 38 400 1 39 38bb 40 1785 
41 346 8 4 2 317 2 43 2983 44 2990 45 1 126 4 6 3260 47 33'> 3 4 R B47 
49 343 3 50 3318 5 1 3244 52 312 A 5 3 3082 54 308'3 55 30 17 "i~ 10 A1 
57 3103 58 2981 59 2926 60 2817 6 1 2 719 6'2 7654 61 755 1 6 4 2442 
65 2375 66 22 19 67 2 178 68 7.058 b9 200 1 70 1929 71 1 ROb 7 2 1 7bb 
73 17 94 74 1614 
RUN NUM I\ER 12 
RCCR O C( 0 1- 25 > POWER= c;o. T I Mr= 12 . 5 
NOP= 199 THETA= 10.0 DEL THETA = 0 .1 TWO THETA= 4 0 . 0 OE L TW O THE T 1\= o.o 
1 2 74 2 267 3 284 4 2 44 5 292 6 283 7 7R7 n 771 
9 113 10 3 11 11 346 12 32 7 13 3 7 5 14 3 55 15 4 0 3 16 167 
l7 409 18 494 19 3 99 2 0 4 34 2 1 502 2 2 477 23 5 22 74 c;n 
7.5 566 26 627 2 7 689 28 742 29 714 30 734 3 1 7 P6 32 A 1 l 
33 729 34 84 0 3 5 900 36 909 3 7 965 38 8 88 39 952 4 0 964 
41 988 4 2 1018 43 1022 44 064 45 981 46 1028 47 1057 4R 1 04 q 
49 10 06 50 1092 5 1 1057 52 1088 53 1115 54 11 8 1 55 11 'i6 56 12 0 3 
57 1187 58 1 2 11 59 1254 6 0 1239 6 1 1346 62 1 322 63 12 4 3 6 4 l 7Q"> 
65 1323 66 1268 67 1 3 '> 9 6 8 132 7 69 1341 10 1320 7l 1307 7 2 136~ 
7 3 1375 74 133 2 75 1342 76 1299 77 1309 7 8 1272 79 12 25 80 1 3 2 1 
81 U01 82 132 2 83 1305 84 131 2 85 1 3 15 86 1366 87 1 3 15 '3 R 1 2<>9 
89 1 3'55 90 1288 9 1 13A l qz 12 73 93 1291 94 1269 95 12 35 96 1 26l 
97 1 2 89 98 1 294 99 12 15 100 12'50 1 0 1 11 95 10 ? 1 733 103 1711 10 4 1 23'; 
105 12R9 106 1278 1 0 7 12 6 2 108 129 7 10 9 12 4 3 11 0 1 288 111 1294 11 2 1359 
113 1320 114 1328 11 5 1335 1 16 D16 117 13 16 11 8 12 6 2 11 9 12 25 120 11 9 1 
12 1 1148 121 1134 1 23 11 22 12 4 1063 175 l Ob 1 126 10 19 177 10 18 1 ?8 9~0 
129 88 8 130 881 131 85 8 132 863 133 844 134 8 7 8 135 8 7 5 136 A 57 
1 37 828 1 38 8 83 1 39 868 140 8 3 3 141 805 142 R03 1 4 3 767 144 B6 
14 5 6 79 146 69 0 147 6 11 148 634 149 633 150 67 0 1 5 1 6 2 1 152 6 }Q 
153 622 154 6 2 8 1 55 556 1 56 5 7 2 157 587 158 588 1 <;9 5 76 160 58Q 
161 575 162 572 163 587 164 s q4 165 5qo 166 6 03 16 7 595 16 8 c; " 0 
169 536 170 564 171 4 92 177. 4q5 173 44 3 174 474 1 75 4 0 3 176 4 <;1 
177 400 178 4 08 179 4 0 1 180 375 181 364 182 382 183 352 l A4 1 1Q 
185 3 3 8 186 311 18 7 294 1 8R 300 189 2 7 9 190 225 1Q 1 201 192 17A 
19 3 205 194 17 3 195 149 196 196 197 16 9 19~ 142 190 1 74 
RUN NUMBER 13 
227 
RCCRO CI01- 25 J POWER = so. TIM E= 25 . 0 
NDP= 62 THETA= s. o DEl THFTA= 0 . 5 TWO TH F.TA= 40. 0 DEL TWO TH ETA= o.o 
1 39 1 2 3'51 3 346 4 373 5 412 6 '•2 5 1 412 R 4A C3 
9 437 10 493 11 578 1 2 524 13 657 14 ~4 0 15 8 7 3 16 11 ~ '> 
17 1 509 1A 1689 19 194'5 20 2079 2 1 2152 22 ??7 1 23 2540 24 266 1 
25 2691 26 2 7 24 21 2633 2R 2607 29 2619 3 0 2S07 3 1 2499 32 ?4P4 
33 2685 34 2 742 35 2519 36 2204 37 1911 3 8 1602 39 1741 40 l4Rtl 
4 1 1 27 0 42 1 224 43 1204 44 1170 4'5 1067 46 <}42 47 772 48 66f, 
49 472 50 345 51 271 52 255 53 2 20 54 2 20 55 2 15 So 1°0 
57 197 58 174 59 182 60 I SA 61 1H 62 167 
RUN NUMBER 14 
RCCRD CI01-15J POWER= 200 . TT"'E = 12 . 5 
NOP= 6 2 THETA = 5 . 0 DE l THE TA -= O. 5 TWO THETA= 4 0 . 0 OEl TW O THE TA= o.o 
1 S28 2 575 3 506 4 '>43 5 590 6 57 2 7 624 R 652 
q 6 1 A 10 669 11 718 12 799 13 943 14 1176 I '> 13 17 16 1Q()') 
17 2295 18 2 706 19 3793 20 332 6 2 1 3 12 1 22 3525 ?1 3780 74 304 C'l 
25 4 093 26 3957 27 3828 2A ~870 29 3839 30 3'>97 3 1 33? R 3? 339? 
33 3888 34 4176 35 38 11 36 30 4 3 3 7 2603 3 8 ?7 94 3<) ? 46 9 40 }qqq 
41 18 <; 1 42 175 2 43 15 57 44 1628 45 1667 46 140~ 47 10 8 7 4 A Q7 A 
49 664 50 413 '>1 413 52 308 53 293 54 22 1 <;<; 7.38 '> 6 7?R 
57 2 39 SA 192 59 227 60 18 A 6 1 182 6 2 1 A6 
RUN NU"'BER 1 5 
RCCRO c ( 26-50 ) POWER = 50 . TIM E-= 2S . O 
NOP-= 6? THETA = 5.0 DEL THF TA == 0. 5 TWO TH ETA= 4 0 . 0 ()E L TWO TH ETA= o.o 
1 c 2 370 3 384 4 398 5 391 6 168 7 457 ~ 4 59 
q 547 10 62 0 11 753 12 745 13 7 88 14 852 1 5 85 1 1fl R3R 
17 71R 18 904 19 11 0 1 20 1429 2 1 1631 2? 1 903 23 17 82 ? 4 I A'1A 
25 2 CA l 26 2332 27 2338 28 2372 29 2617 30 294 0 31 2768 32 26h7 
33 2335 34 2284 35 2430 36 239Q 3 7 2707 38 19'>9 39 18 1 c; 40 1 '30? 
41 1524 42 142 7 4':\ 1290 44 ll4 2 45 1109 46 893 47 744 4 8 6 n 
49 54~ 50 468 5 1 4 22 52 30 1 53 2 7'> 54 3 1? 5'> 21'l2 ')(, ?7? 
57 234 58 174 5q 161 60 147 fl l 138 62 13~ 
RUN NUMR ER 16 
MCR O ( ( 26-501 POWER = so. TIM E= SO. O 
NOP.:: 95 THETA= s. o D~L THETA = 0.5 TWO THF U = 10. 0 DE L TWO TH ETA= 1. 0 
1 454 2 458 3 41 0 4 459 5 475 6 4 85 1 64 7 R 711 
9 A64 10 998 11 1408 12 1784 13 22 17 14 2 676 15 ~2A ~ 16 187~ 
17 4556 18 4910 19 52 7 0 20 5539 2 1 5941 2? 6204 ?3 673 7 24 69Rn 
25 7033 26 703 1 7. 7 7013 28 6639 29 6426 30 fl135 3 1 592 1 32 5ol7 
33 5465 34 5 161 35 5 067 36 49f3 5 :H 45 1 5 38 4 257 39 40 '>7 40 36 .i R 
41 3'>18 4 2 3343 43 3172 44 313 2 45 2924 46 2946 47 ?9 31 41l 2~?7 
49 2765 50 27 28 51 2891 52 2708 5 3 2643 54 2430 55 239 3 56 226R 
57 2328 58 227 2 59 1983 60 1889 o l 2006 67. 2009 61 17 6"i 1,4 1763 
228 
b5 1 82 1 6b 180 2 67 17 61 68 1776 69 1712 70 1691 7l 1588 7 2 16 2 1 
73 1A03 74 1497 75 1441 76 1431 77 135 8 78 ll61 7<) 1336 AO 1355 
8 1 1270 82 1277 83 1256 84 1236 85 llAl 66 1266 8 7 1171 qR 11 80 
89 1 205 90 1171 91 12 '5 7 n 11 59 93 1066 94 11 06 9'5 1083 
RUN NUMBER 17 
RCCRD c ( 16- 7.5) POWER= '5 0 . TIM F= 2'> . 0 
NDP= 72 TH ETA = 5.0 DEL THETA= 0 . 5 TWO TH ETA= 40.0 DEL TWO THF.TA= o.o 
1 222 2 44"3 3 425 4 487 5 436 6 4 72 1 505 ~ 50n 
q 743 10 534 11 655 12 690 13 693 14 921 15 79 3 16 9 44 
17 A7~ 18 lC79 19 1258 20 1460 2 1 1561 27 1744 23 ]<')7 '5 2'• ?200 
2'5 2290 26 2206 21 2 105 2R 2 1 27 29 2 189 30 2294 31 2415 ':\2 7226 
3':\ 1917 34 1544 35 1158 36 1483 3 7 1509 38 1404 39 1155 4 0 124 n 
41 1 232 42 1016 43 879 44 783 45 683 46 64? 47 "in7 48 4 5'5 
49 416 50 369 5 1 409 5? 25A 53 227 54 2 5'> sr:; 2 ':\ 2 56 20ft 
57 717 '58 ?38 59 ?'58 60 178 61 202 62 166 63 700 M l A'\ 
65 194 66 178 67 199 6A 199 6 9 2 14 1 0 151 11 l'n 72 1 "Q 
RUN NUMB ER 18 
MCRD c ( 16- 2 5) POWFR= so . Til-l E= ? <; . O 
NDP= 73 TH ET A= 5 . 0 DEL THET A= 0 . '5 TWO TH ETA= 10 . 0 OF L TW O TH FT/\= 1.0 
1 HCJ 7 ?50 3 304 4 303 5 326 6 2 7~ 7 ?8 1 q 14 6 
9 376 10 491 1 1 627 12 842 1 3 97 0 14 1189 15 12 '51 16 16£-? 
17 1 773 18 204 7 19 2 184 20 2110 21 2 438 72 ?497 23 ?4 16 24 7 ') 6 1 
25 2763 26 7587 21 267 1 28 2'550 29 2 4 86 3 0 2394 11 2329 12 ?nt 
33 2 1 29 34 194C 35 19'53 16 1791 17 1 735 38 1 74 3 3<> 174 5 1t0 1470 
4 1 1 4 50 42 1469 43 133 8 44 1280 45 1328 46 1323 47 1302 4A 127 A 
49 1264 50 1 238 5 1 11 68 52 1200 53 108Q 54 1 l OA '55 977 56 10 51 
5 7 940 58 ~93 59 934 60 785 61 76'5 n2 978 63 7 1> 1 S4 7<"lC'I 
65 7 20 66 743 67 773 68 727 69 779 7 0 f->66 11 6A2 1 7 I,QO 
73 6 27 
RUN NUMB ER 19 
MCR O c (16- 25 ) POWFR= 5 0 . TIMF= 2 '> . 0 
NDP = 76 THETA = 5 . 0 DEL TH ETA= 0.5 TWO THETA= 10.0 DE L TW O THETA = l • 0 
1 2 '58 2 240 3 242 4 206 5 206 6 246 7 263 R 313 
9 402 10 525 11 596 12 765 13 96 1 14 1 227 1 '5 }3CH 16 167? 
11 1 664 18 1904 19 2137 20 2205 21 2333 22 2466 73 ?3~6 24 ?'5 16 
25 2593 26 257 0 7. 7 2480 28 2384 2q 2372 30 2179 31 2 1A7 i ? 1qqq 
33 1R72 34 I A 59 35 1851 36 1781 37 166 1 38 1568 39 1396 40 n 2c 
4 1 1260 42 1141 43 1162 44 1 0~8 45 1092 46 1044 47 1026 4R opq 
4 9 9 14 50 92'5 51 1009 52 88 7 53 8 10 54 80'5 55 H8 'i6 74') 
57 101 58 657 59 730 6 0 690 6 1 6 10 62 605 63 ')82 64 555 
65 586 66 523 6 7 578 68 528 69 '>19 7 0 513 11 o;zs 7 2 51Q 
73 '504 74 458 75 480 76 445 
RUN NUMRER 20 
229 
RCCRD ccou POWER = 100. TI"1 E= 25 . 0 
NDP=l5l THETA= 5 . 0 DEL THETA:: 0.2 TWO TH ETA = 4 0 . 0 DE L TW O THE TA= o.o 
l 701 2 659 3 668 4 687 5 634 6 65 1 7 631 8 595 
q 637 10 615 11 633 12 594 13 600 14 5 88 15 55 1 16 A23 
17 573 18 546 19 585 20 568 21 560 22 544 23 568 24 564 
25 514 26 542 27 560 28 513 29 554 30 50 1 3 1 483 12 477 
31 511 31t 514 35 534 36 485 37 570 38 6 20 39 687 40 771 
41 793 42 916 43 1003 44 1171 45 12 78 46 13 22 47 1392 4A 1281 
49 1 2 19 50 1227 51 12 40 52 1153 51 1102 54 111 8 55 916 156 A41 
57 813 58 767 59 703 60 647 61 653 62 671 63 740 64 661> 
65 667 66 685 67 683 6 8 119 69 670 70 6 3 1 11 635 7 2 670 
73 639 74 640 75 625 76 681 77 692 7 A 66 1 79 692 AO 6 10 
81 493 82 414 83 456 84 375 85 372 86 500 87 46 8 AB 646 
89 790 90 872 91 888 92 882 93 952 94 91 5 95 887 96 777 
97 704 98 657 99 514 100 4 98 10 1 4 52 1 02 445 103 400 104 44 5 
105 598 106 563 107 520 108 5 14 109 504 11 0 524 1 1 1 4 89 11 2 4 37 
113 424 114 299 11 5 286 11 6 298 1l7 241 11 8 289 11 9 265 120 2~ 1 
121 230 122 223 12 3 2 21 12 4 19 1 125 232 126 204 127 247 128 1°4 
1 29 24 1 130 2 5(' 1 31 248 1 32 198 13 3 234 134 252 13 5 196 136 ?.'27 
137 16 8 138 187 139 179 140 21 7 141 18 4 142 201 143 167 144 /Qc; 
145 20 1 146 18 7 147 173 148 200 149 196 150 167 15 1 174 
RUN NUM BE R 2 1 
MCRO c {0 1) POWER = so . TIM F= '>0 . 0 
NOP= 77 THETA= 5 . 0 DEL THETA= 0 . 5 TWO THETA= 10 . 0 OFL TWO THFTA= 1. 0 
1 445 2 40 7 3 3 78 4 378 5 389 6 389 7 364 8 4~0 
9 369 10 474 11 5 7 3 12 665 13 7 89 14 8 44 15 99 1 16 108 1 
17 1264 18 1304 19 1 369 20 1485 2 1 1 5 1 '> 7.2 1 584 23 15A 7 ?4 1577 
7.5 1554 2 6 1581 27 1508 28 1449 29 1403 3(' 13 29 31 1"302 32 1308 
33 1 228 3 4 12 22 35 1117 36 10 15 31 107 7 38 10?4 ~9 9 95 40 976 
41 9 48 42 A77 43 889 44 800 45 77 2 46 81 4 47 791 4 8 764 
49 796 50 681 5 1 699 52 6 5 8 5 3 684 54 666 55 719 56 M 5 
57 636 58 634 59 648 60 587 6 1 626 62 59 1 63 '538 ()4 '>60 
65 538 66 535 67 524 68 5 35 69 528 7 0 5 04 71 473 7 2 '• 90 
7 3 464 74 4 52 75 446 76 456 71 4 3 7 
RUN NUMBER 27. 
RCCR O ({ 02 , PO WER= 100 . TIM E= '> 0 . 0 
NOP=20 0 THETA= 5 . 0 DEL THETA = 0 . 2 T\oiO TH ETA = 40. 0 DEL TWO TH ET A= o.o 
1 4 05 2 43 2 3 4 36 4 40 4 5 477 6 399 7 44'> R 44 0 
I') 451 10 451 11 422 12 414 13 4 32 14 431) 15 ·n o l f) '3Q'1 
17 4 0 1 18 3 7 3 19 4 90 20 177 7. 1 404 22 4 2 1 23 190 24 417 
25 384 26 385 27 440 28 400 2Q 382 30 4 3'1 1 1 4 5 1 32 4 9c; 
33 461 34 428 35 453 3 6 4 99 17 674 3A 798 39 88 1 40 104 7 
41 10 96 42 1104 4~ 1171 44 1214 45 1265 46 1110 47 10RR. 48 11 2 c; 
49 10 80 50 11 26 5 1 1194 52 l1 'i0 53 108 4 54 107'1 51) 0 27 56 S\0 1 
57 858 58 704 59 718 60 6 7'3 6 1 771 6 2 957 63 10 6 0 M l O R~ 
65 1157 66 1138 67 984 68 9 7? 69 839 70 AA 7 71 593 12 
304 
73 440 74 608 1 5 697 76 7f,6 77 779 78 795 79 s:\8 1 AO 
qo4 
230 
81 10 1 8 82 11 34 83 1 206 84 12 34 8 5 141 8 86 1 20~ A7 I 1 2 1 89 Q5? 
89 79Q 90 622 9 1 4 5 7 92 4l9 93 427 Q4 4 5 4 95 4 57 9 6 4 6') 
97 529 98 451 99 4 88 1 0 0 383 10 1 464 102 4 6 1 l C ~ 4 27 10 4 5 1 q 
105 423 106 475 107 535 108 50 1 109 56 0 11 0 5 15 1 1 1 440 11 ? ~ flO 
113 3 15 114 3 2 3 115 3 16 116 3 2 4 11 7 2 76 11 R z qq 11 9 7 8 6 120 2 31 
121 211 1 22 223 123 200 124 179 12 '> 160 1 26 16 R 1 2 7 19 0 12 A 184 
129 2 13 no 1 8 1 1 31 174 1 32 2 28 1 3 3 l fl3 1 34 156 13'5 ? 19 1 36 1 '5R 
137 206 1 38 193 139 193 140 1 '> 6 141 l A 2 147 144 14~ 1 '> 7 144 165 
145 156 146 202 147 128 14 8 155 149 1 86 15 0 180 1 5 1 20 P 1 5 2 1 513 
15 3 195 154 2 1 8 155 173 156 2 16 157 154 1 '> 8 20 1 1 ':>9 1 5 ~ 160 177 
161 18 1 162 156 163 191 164 211 1 6 5 19 Q 166 16 1 16 7 2 0 ':\ 16R 19 4 
169 194 170 145 111 19 5 172 209 1 n 15 6 174 1 '58 175 19 0 176 14A 
177 146 17 8 1 53 179 148 1 80 1 59 18 1 1'59 1 82 1 55 un 1 M~ 1 A4 175 
18'5 173 18 6 143 187 178 l AB 1~ 6 18CJ 305 19 0 2 17 } Ql 163 19 2 1 '1'> 
19 3 174 194 169 195 140 1 96 1 88 19 7 119 19A 134 } <) <) 1 5 1 ?00 11'1 
RUN NUMBER 2 l 
RCCRO C( Ol - 02 1 POWER= l OG . T Jl-1 F = 2 '5 • U 
NDP= l40 THF.TA= 5 . 0 DEL THE TA = 0 . 5 TWO THETA= 4 0 . 0 OC L TWO THF Tll = 0 . (1 
1 5 3 2 2 4 9 C 3 4 5 1 4 4 46 '> 417 A 4SA 1 4 7q Q 4 7 J 
9 4 8 3 10 495 11 4 6 7 12 4 82 13 4 6 A 14 4 A? 15 1t 85 16 4 A7 
17 444 18 4 84 19 4 9 '> 7(; 4 4 6 2 1 4 9 4 n 4 A9 2"~ 470 2 4 4 A? 
25 466 2 6 508 27 4 35 2 8 4 64 29 4 8 7 3 0 't HH 3 1 44~ 1 ? 4 74 
3 3 45 2 34 454 3 5 4 92 36 5 2 3 37 4 A4 3A 4C)J V1 f> ?l 4 0 (,~0 
41 R9 1 4 2 1166 4 3 1229 44 1370 4 5 146 2 4 6 1 ':>46 4 7 1605 4P 1 R ?1 
49 1 9 75 5 0 2 0 1 8 51 1833 5 2 1811 53 177 5 '54 l h'18 c;r; I 7 \, 1 '1 6 I S ~1 
57 1378 5 8 1 26.? 5 9 111 6 6 0 106 6 6 1 8 7 2 62 13 1 7 h1 ~?P 6 4 770 
65 9 27 66 1066 67 11 7 5 68 1 233 6 C) 14 75 1C 1 "\74 7 1 1339 7 '/ }? ?1, 
73 1 2 16 74 11 2 0 75 890 76 n s 77 6 86 7 8 6 4 7 7 9 7 3'> flO 7 g6 
8 1 7 2 1 82 7 89 83 830 84 920 85 11 0 1 R6 126 1 I:H 11 54 88 14 Vt 
R9 1 281 90 1 2 2 8 91 11 93 C'J 7. 1169 9 1 11 3 1 9 4 l iJ 9 R 9') 9 76 Q () 1 0 1 ~ 
9 7 973 98 101 8 9 9 1001 100 9 2 5 10 1 8 7 6 1 0 2 76 0 l C 3 t, R4 104 639 
10 ') 6'57 106 714 10 7 7 5 0 1 08 7 77 10 9 841 11 0 8 17 1 11 (tC)7 1 12 A\•1 
11 3 789 114 737 11 5 7 17 116 593 117 537 11 R '>0 0 1 19 423 120 '+2h 
121 412 122 415 123 183 1 24 355 125 3 16 126 24 8 12 7 2 3 3 12 A ?. 10 
12 9 2 1 2 1 30 2 41 1 31 2 19 1 32 200 133 2 02 1 34 22~ 135 ?0(1 13'J ?04 
137 7. 20 1 38 200 139 2 12 140 1CJ<) 
RUN NUMBER 24 
RCCRO 0 SERI fS POWER= 200 . T T r-1 [= I ? • 'i 
NOP= 192 THETA = 7 . 0 DE L TH ETA : 0 . 2 TWO TH E TA = 4 0 . 0 OF L TW O THE TA = 1 . ~ 
1 9 63 2 88 1 3 BOO 4 Al7 5 837 
,., A60 7 f\ 4 1 R A 70 
9 925 10 8 71 11 853 17 92 5 13 8136 ] 4 R9 0 15 924 1 0 9~ l 
17 8 96 1 8 958 19 9 72 2 0 953 2 1 964 ?2 1033 23 
QQQ ?4 977 
25 940 26 9 3 6 2 7 1011 28 104 7 29 10 24 3 0 10 6 7 3 1 103 ') l ?. 10 56 
3 3 9 93 34 10 5 5 35 11 16 36 1088 3 7 11 2 0 38 11 3 5 
3Q 11 0 9 4 0 1 189 
41 ll53 4 2 114 2 4 3 12 41 44 12 4 9 45 11 92 4 6 1 24 7 47 12 55 4 13 
1? 9 1 
4 9 1 2 5 1 50 1314 5 1 1 3 1 5 52 133 4 53 130 6 '54 140 1 ~C) 119 0 5 6 
1 33,., 
57 1405 5 8 14 23 59 1365 6 0 1392 6 1 14 36 6 2 140 3 6l 14 17 
64 144ft 
6 5 1425 66 1472 67 14 36 68 140 0 69 13 R1 70 140 1 7 1 14 51 
7 2 1474 
7 3 1316 74 1402 7 5 143 2 76 13 8 1 77 1466 7 8 1377 7 9 12 74 
RO ll2 7 
8 1 12 8 7 82 1354 83 1 34 5 84 1224 85 12 7 0 86 124 3 A7 
1741 AA 12C9 
231 
89 1173 90 1121 9 1 11 5 1 92 116 8 9~ 1082 Q4 1 014 95 10 28 06 lO OQ 
97 101 8 98 1066 99 979 1 00 9<H 1 0 1 975 107 948 103 9 18 104 8 44 
105 903 106 832 107 846 1 08 844 109 822 11 0 75 1 1 1 1 7 83 11 2 n1 
11 3 74 8 114 6 96 11 5 711 11 6 651 117 665 118 63~ 11 <) 5 77 17.0 f-.2h 
121 562 12 2 570 123 580 1 24 523 1 25 533 17.6 503 127 496 121' 4CJ 6 
129 484 130 4 53 1 3 1 458 1 32 494 133 447 n4 471 135 467 131;, 1C)9 
137 4 05 1 38 348 139 377 140 4 29 141 164 142 ~~8 143 35 1 144 '),7 6 
145 349 146 333 147 309 1 48 35 6 149 330 1 50 B5 15 1 32? 152 33 1 
153 2 7 0 154 318 1 55 286 1 56 33 1 157 3 19 158 288 159 295 160 ?74 
161 295 16 2 296 163 256 1 6 4 247. 165 245 166 27 3 167 2~4 168 ?4 1 
169 24 0 170 257 171 2 10 172 239 173 233 174 232 175 2 42 176 242 
177 24 8 178 204 179 2 18 1 80 22 5 18 1 23 7 1 87 212 183 199 184 2 1 1 
185 235 1 86 194 1 87 22 3 1 88 205 189 220 190 248 19 1 ?32 )1:)2 74o 
RUN NUMBER 25 
MCRD D SERI ES POWFR= '50 . TIMF= 25 . 0 
NOP = 92 THETA= s.o DEL THE TA -= 0 . 5 TWO THE TA = 10 . 0 OFL TW O TH ETA= 1 . f'l 
1 344 2 314 3 3 30 4 299 5 259 6 3?0 7 360 R 1SA 
9 4 15 10 431 11 5 10 12 519 n 543 14 'iS4 1'i 6 19 16 6fl0 
17 673 18 73 3 19 831 20 741 7.1 860 22 766 23 899 ? 4 883 
25 78 5 26 840 2 7 852 28 7 6 1 29 824 30 802 11 781 ·p 75 0 
33 7 39 3 4 698 35 648 36 694 3 7 654 18 622 19 706 40 A14 
41 6 40 4 2 557 43 534 44 533 45 5 1 7. 46 S45 47 ') 40 48 5? 4 
49 558 50 5 16 51 541 52 5 12 51 489 54 45C) c:;c; 467 56 47° 
57 4 54 58 494 59 4 52 60 4 85 61 479 62 436 b3 423 f.4 460 
6 5 417 66 461 67 444 68 499 69 492 70 430 71 1A9 1 7 40Q 
7 3 41 8 74 4 02 75 4 00 76 408 11 3C)3 78 375 79 164 RO 101 
8 1 371 82 41 2 83 414 84 3 81 85 419 86 394 87 470 A8 5l'l 
89 4 3 4 90 3 78 91 409 92 468 
RUN NUMRER 26 
ZERO TWO THFTA POWER= 50 . TIMF= 12 . 5 
NDP= 5 7 THETA= o.o DEL THETA= 0 . 0 TWO TH ETA = - 5 . 0 OE L TWO THETfl-= 0 . 7 
1 528 2 5 13 3 533 4 697 5 74 8 f. 10 12 1 1313 8 24fl? 
9 6 253 10 1471 0 11 30284 1 2 49415 13 741 08 14 97$\86 15 1L7o7 A 1b 1 34l "iq 
17146925 18 158184 19 1669 13 20173799 2 1179l26 27 183519 23 1 A6634 ? 4lq Ac;c;c; 
25189584 26 190023 271 89484 28 188626 29 1 87516 30185415 '), 11 R2 0 16 ~2178155 
33 171 867 34164 5 41 35 155540 36 144826 3 71l 2788 1811 6904 lCl Q7 '5 09 40 77117 
41 55206 4 2 36372 4 3 19694 44 8799 45 3587 46 1 540 47 All 4 8 671 
49 541 50 528 5 1 486 52 416 53 4 23 54 42 1 '55 4 7.7 56 443 
57 lR3 
RUN NUM BER 27 
RCCRD 0 SER J ES POWER= so . TI MF.= '50 . 0 
NDP= 64 THETA = 5 . 0 DEL THETA = 0 . 5 TWO TH ETA = 4 0 . 0 Dfl TW O TH ETfl= o.c 
1 1B5 2 1335 3 1 325 4 1284 5 1440 6 14 23 
1 15 5q 8 J f-.~1 
9 161 2 1 0 1662 11 1645 12 18 18 n 1885 14 19 17 15 19 78 
16 20 1'5 
17 2026 18 209 5 19 2 182 20 2 135 2 1 22 11 22 2201 73 2 1 ll 
74 2 127 
232 
25 2276 26 2093 27 22 16 28 2263 29 1989 30 18 74 31 l flfl7 32 1899 
3'3 1 882 34 1800 35 1756 36 1752 37 172 7 38 1645 39 1553 40 1531 
41 142 1 42 1467 43 1346 44 1208 45 1110 46 1162 47 1198 48 1061 
49 1053 50 108 4 5 1 1027 52 927 53 1032 54 999 55 1000 56 105R 
57 97 1 58 963 59 910 60 937 61 853 62 871 63 846 64 8G 1 
RUN NUMBER 28 
MCRD D SER I ES POWER= so. TIM E= '50 . 0 
NDP-= 68 THETA= s. o DEL TH ETA= 0.5 TWO TH ETA = 10 . 0 Ofl TW O THETA= l. O 
1 1064 2 1041 3 953 4 1026 5 1004 6 10'58 ·7 1046 8 1057 
9 1058 10 1085 11 11 36 12 1161 13 1261 14 1355 15 14~6 16 1'>34 
17 15 7 6 18 1606 19 17 04 20 1122 2 1 1769 22 1843 23 1892 24 1 '1R2 
25 1963 26 1877 21 1 93~ 28 2084 29 1870 30 1890 31 1935 32 1fl2 3 
33 1797 34 1786 35 16 72 36 1711 37 174 8 3fl 1553 39 15 22 40 11'>00 
41 1440 42 146fl 43 14 48 44 1466 45 1427 46 1404 47 n2 s 4 f' I ?')1 
49 1421 50 1390 51 1 30t'l 52 1198 53 1357 54 1313 '5'> 1?82 56 1174 
57 12 40 58 1 209 59 1169 60 1206 61 11 57 6'2 1192 63 1177 64 1?17 
65 1149 66 1121 67 11 39 68 11 22 
RUN NUMBER 29 
RCCRD E SERIES POWER = 50. TT~E= 50 . 0 
NDP= 6 8 THETA= 5 . 0 DEL THETA= 0.5 TWO TH ETA = 40 . 0 OEL TW O THETA= () . 0 
1 130 3 2 1187 3 1213 4 1260 5 1262 6 1264 7 11 94 A 1?2A 
9 1 248 10 1304 11 1201 12 1 339 13 1221 14 1300 1'5 1338 16 14 fl 6 
17 1 510 18 1438 19 1426 20 1503 2 1 1757 22 2054 23 ?627 24 3471 
2 5 4 2 51 26 4819 27 5518 28 6412 29 747A 30 8237 31 87?.0 32 86?7 
3 3 fH62 34 7715 35 6939 36 5959 37 5 11 3 38 4295 39 3497 40 ?A04 
41 1979 42 14A2 43 1012 44 882 45 81 0 46 A30 47 71"', 48 707 
49 759 50 752 51 790 52 952 53 751 54 699 55 725 56 713 
57 638 58 596 59 718 60 613 61 593 6 2 6 15 63 651 64 60 ~ 
65 548 66 567 67 555 68 540 
RUN NUMBER 30 
MCRO E SER I ES POWER = c;o . T11>1E= 50 . 0 
NOP= 71 THETA= s. o DEL THETA = 0 . 5 TWO THETA = 10.0 DEL TWO TH FTA= 1. 0 
1 79 2 2 74 8 3 794 4 864 5 R42 6 821 7 829 
$\ q11 
9 ~41 10 95(1 11 1029 12 1080 13 10 10 14 12 53 15 126 1 16 1361 
17 15 33 18 1A4 1 19 2 160 20 247 1 2 1 2886 22 3 4 84 21 40 ?.3 24 
4 501 
25 5141 26 5 515 27 5853 28 6434 2 9 737 8 30 ROM 31 885Q 12 <J03 7 
33 9501 34 9545 35 9896 36 10165 37 101 87 38 10763 19 102 7 2 40 
10 395 
41 10934 42 10650 43 10641 44 10558 45 10652 46 1 0573 47 10834 48 
10929 
49 11 24 1 50 11552 51 11 608 52 11 3 10 53 11 239 54 11020 55 111 0 3 56 
1 1471 
57 11 427 58 11053 59 10452 60 10131 6 1 C1753 62 9694 6.3 
935<) 64 9? 0 6 
65 893 3 66 8 461 6 7 8047 68 7765 69 7630 70 72 89 71 70 65 
RUN NUMRER 31 
233 
RCCR D(T) B SER I ES POWER= so. TIM E= l OO . O 
NDP= 41 THE'TA=-35 . 0 DEL THFTA= O. 5 TWO THET4= 4 0 .0 DEL TWO TH ETA= o.o 
1 2494 2 255 1 3 259 1 4 2464 5 2573 6 263 7 7 2AA 1 8 302H 
9 32 5 1 10 3487 11 3963 12 4692 13 5939 14 7'5 80 1 5 94'55 ln 11 467 
17 14097 18 16864 19 19557 20 2205 7 2 1 23892 22 23899 23 23366 24 220A2 
25 197 24 26 17023 27 14416 28 12215 29 9919 30 A033 31 6707 12 '5547 
33 4 374 34 443 8 ~5 41 58 36 3796 37 3949 38 3472 ~9 3494 40 34'1fl 
41 2A97 
RUN NUMRER 32 
MCRn ( Tl B SERIES POWER = so . TIME= 1'5 . 0 
NDP= 84 TH ETA=-40 . 0 DEL THETA= 0.5 TWO THET A-= 1 0 . 0 DH TW O THETA = 1 . 0 
1 929 2 937 3 871 4 906 5 793 6 858 7 et-6 '3 Q') fl 
9 1098 10 1 309 11 1553 12 1972 13 2094 14 2'>23 15 290 1 16 3203 
17 3590 18 4 030 19 4548 20 4822 2 1 5 164 22 5509 23 5806 ?4 '> 136 
25 5838 26 5532 27 5494 28 5275 29 5356 ~0 5527 31 5729 32 5A6 1 
33 5865 3 4 5'57 1 35 55 7 5 36 5868 3 7 54 3 1 3 8 54 32 39 533 1 40 511P 
4 1 52S 1 4 2 5171 43 5026 44 4 806 45 45CJ4 46 47A5 47 464A 4P 4~ 5 '5 
'•9 4564 50 44 26 5 1 4302 52 402A 53 3916 54 3954 ')'5 3713 ~6 '1'5 Rl 
57 3463 58 3383 59 3362 60 3 147 6 1 3017 62 2 8 10 6'3 26'34 64 ? '>4 9 
65 2377 66 2229 67 2 145 6A 1937 69 1 841 70 16 49 1l 1506 1? 14A9 
73 1 320 74 1207 75 1269 76 11 66 77 1035 78 980 1') 966 80 971 
8 1 10 50 82 995 83 1060 84 1137 
RUN NUMRER 33 
RCCRD +4 5 ( Tl B SERif S PO WER= so. TIM E= 2 5 . 0 
NOP= 75 THFTA=-35.0 DEL THF TA = o. s TWO THE TA= 40 . 0 DEL TWO TH ETA= o.o 
1 4935 2 356 3 363 4 362 5 346 6 379 7 328 A 3 6f> 
9 178 10 349 11 341 12 39 5 13 40 3 14 ~87 l 'i 42') 16 4 AA 
17 '> 2 4 18 517 19 549 20 4A2 21 5 1 3 22 516 23 529 24 536 
25 '>0 7 26 510 27 434 2R 467 29 456 30 443 11 4 23 32 44 fl 
33 440 34 472 v; 574 36 58CJ 37 5 7 8 3A 6'>2 39 672 40 6 16 
4 1 686 42 608 43 654 44 628 45 564 46 520 47 523 48 40 7 
49 460 50 397 51 414 52 4 25 53 384 54 406 5'> 401 '56 41 6 
57 416 58 41 0 5() 35 7 60 388 61 349 62 399 61 457 A4 3n? 
65 386 6 6 360 67 452 68 379 69 38 1 70 383 1l 340 7 2 ~AA 
7 3 336 74 356 75 305 
RUN NU"'BER 34 
RCCRO CT l R SER I ES POWER= so . TI ME= 2 5.0 
NDP= 60 THETA=- 3S.O OEL THETA:: O. 5 TWO THE TA= 40 . 0 DE L TWO TH ETA= o. o 
1 509 2 509 3 541 4 502 5 593 6 n 15 7 670 
R 7?4 
9 778 10 878 11 1055 12 1 214 13 1335 14 1558 15 
1728 16 208n 
17 24 1 8 18 28 16 19 3074 20 3354 2 1 3382 22 3392 23 
3 16 5 ?4 2 60~ 
25 2422 26 2023 27 173 2 28 1541 29 134 0 3 0 1107 ~1 
97 1 37 9 ~0 
33 R7 4 34 803 35 712 36 7 30 37 66 7 38 678 39 
599 40 70 4 
234 
41 6 5 7 42 61 5 4 3 '541 44 523 45 590 46 610 47 540 48 525 
49 475 50 537 ';} 521 52 536 '53 496 54 4 79 55 440 56 45 13 
57 484 58 470 59 528 6 0 447 
RUN NUMBER 35 
MCCRO(T) A SER I ES POWER= 50 . TI ME= 25 . 0 
NOP= l OO TH ETA=-4 0.0 DEL THETA = 0 .5 TWO TH E TA = 10 . 0 DE L TWO TH ETA= 1 • 0 
1 47 2 2 4 20 3 431 4 361 5 3 77 6 444 7 503 A 52? 
9 596 10 673 11 8~9 12 1139 1'3 1306 14 16 10 1 5 18 75 16 ?090 
17 2509 18 2802 19 2953 20 3263 2 1 3392 2? 3 387 23 3700 ?4 ':\6?0 
25 3744 26 3571 27 3435 28 3 2 6 0 79 '3217 3 0 3? n 3 1 3~41 ':\2 33?9 
33 332 1 34 3131 35 3026 36 3033 ~7 ?R68 38 2809 ~9 7744 4 0 77 R? 
41 2 6 18 4 2 2621 4 3 24 18 44 2265 45 2137 46 2709 47 70 17 4 .1\ 2CC)9 
4<) 19 4 0 50 1987 51 1770 52 1703 53 169 0 54 1o23 55 1539 56 1 5 34 
5 7 14 8 1 58 1359 '; 9 1372 60 131 R 6 1 1265 6 2 12 11 n':\ 11 5R 64 111 ? 
65 989 66 1011 o7 976 68 917 69 922 70 R32 71 8?.7 77. P?::> 
73 741 74 171 75 7 16 7 6 697 11 735 7 8 69'5 79 66 1 80 ob0 
81 680 82 607 83 690 84 700 85 700 86 7 213 8 7 80 ':\ 88 7'>'5 
89 74 ? 90 788 9 1 745 92 8 65 9 ~ 8 15 9 4 82'> 9 5 8 4 2 9n So '\ 
97 R26 9 8 82 4 9 9 792 100 R69 
RUN NUMB ER 36 
RC CRO A S ER I E S POWF.R= so . TJ.,.F= 2'> . 0 
~OP = 9 0 THET&\ = 10 . 0 nE L THF TA = 0 . 5 TWO TH ETA = 4 0 . 0 O[L TWO TH F. Tll= o. o 
1 290 2 303 3 ~04 4 U.3 5 34 3 6 33R 1 41 6 A 4 0 '\ 
9 46 5 10 614 ll 70 2 12 946 n 11 86 14 1 '500 15 ? 028 11) 2 55 1 
17 3?.26 18 401 8 l Q 4 5 7 2 20 5133 2 1 546 8 22 559? n 53 3 1 7. 4 4997 
25 44S6 2 6 3702 n 3 1 29 28 2198 29 1944 30 14 2'> 3 1 1l fl0 '3 7. 9~1 
33 757 34 671 35 6 14 36 490 37 S1 8 38 4 5".\ 39 449 '•0 'tl 5 
41 468 42 448 4 3 4 88 44 505 4'5 465 46 44 2 47 46~ 4Sl '• Oq 
4 9 46? 50 39 1 5 1 439 57 4 1 5 '5 3 442 54 4 06 '55 44 R 'i6 4 6Cl 
5 7 395 '58 4 27 59 44 5 60 '369 6 1 313 62 329 63 3 44 64 '350 
65 31 6 66 3 4 8 67 328 68 336 69 312 10 ':\ 17 11 3 ?7 1 ? 107 
7 3 4 0 7 74 442 75 41 2 76 411 71 456 7 8 45A 79 440 ,qo ')".\ 7 
8 1 425 82 '5 20 83 4 33 84 422 85 45 0 8 1-o 44'• R1 40 5 AA 4 Sl~ 
8 9 4 A7 90 46 0 
RUN NU MBER 37 
RC CRO ~ S F.R I E S POWER-= so . TI~ E-= ? '). 0 
NOP= 46 THF. T "= 10 . 0 DE L THF TA = 0 . 5 TW O TH ETA = 4 0 . 0 OEL TW O THETA= () • •J 
1 q l4 2 BOA ~ 854 4 761 5 7 35 6 7Q4 7 8 74 ,q ~n 
q 773 10 8 16 11 922 1 2 CJ7 9 13 11 67 14 l 4 CJ 7 15 16.1\ 0 16 20 1 2 
17 2500 18 2855 19 3059 20 ·n15 21 ~463 22 3452 73 3 179 ?4 2Q 1 ~ 
25 2525 26 2096 2 7 176 0 2.1\ 1414 7.q 11 0 1 30 .1\73 3 1 731 ~? o44 
3 3 5R4 3 4 60 0 35 4 A4 36 550 37 506 ~A 4 8?. 39 44 1 4 0 44 '5 
41 4 6~ 4 2 4 5R 4 3 4 0 1 44 401 4 '5 4 37 46 4 2R 
235 
RUN NU MRE R ":\A 
RC CRD+4 5 B <;F RI ES POWER= 50 . T JMF= ?'i . v 
NDP= 5 1 THE T~= 10 . 0 Dfl THETA = 0 . 5 TWO THETI\ = 40 . 0 DFL TWO Tl-i i-T I\:: ' ) . (.. 
1 471 2 44Q 3 450 4 427 5 4n~ 6 48") 7 '>72 A ., 1'1 
9 ">20 10 585 tl 6A3 12 6~ 1 13 80Q 14 f\ 1)9 I '> Q1? 16 I ?A \) 
17 1474 18 158A 19 17 34 ?0 1830 2 1 1Hl 2? 1 A4 0 71 17 74 ?4 1 nu r 
25 1422 26 11 80 2 1 1006 28 799 29 7')6 30 h75 31 6 12 32 '>60 
33 4Q7 34 47? ~") 491 3h 51 A 37 47? ~ p 437 11') 4 0 7 40 '• h I 
41 4 96 42 45 5 4 3 434 44 393 45 44 6 46 4'i4 '• 7 469 4 A 44 1-, 
49 43 6 50 395 51 369 
RUN NUMBER )C) 
RCCCRO A SER I ES POWER = 50 . Tl~( = 25 . 0 
NOP-= 41 TH ETA= 10 . 0 DEL THF TA = 0 . 5 TWO TH f TA = 4 0 . 0 OF L TWO THF Tll= u . r; 
1 60 1 7 636 3 56 7 4 ')4 .q 5 609 {:. 625 7 'l q6 .q '\ q I 
9 1:>76 10 646 11 707 17 671 13 87 '5 14 li q 1 1 5 074 1 h I I H 
17 125.q l A 1442 19 16 '50 20 1A60 7 1 ~ 1 09 ')7 7 () A"\ ? ~ 1 C) 14 74 I q I P 
25 1597 26 1347 27 11 88 ?A QC,Q 29 A)Q 10 771 11 f, } l il "'~ 
B ')Ql 34 6QO 15 547 16 h15 H h4 7 1 P f>}1 )") ')A3 '• () n t o 
41 576 
RUN NUMAER 4 0 
NO SAMPLE POWFR= '5 0 . Tit-I F= ~'> . 1) 
NDP-= 4 7 THF TA = 5 . 0 DE L TH ETA = 0 . 5 TW O THE TA: 4 0 . 0 DEl TW(' TH r TI\ = ') . ) 
1 U3 2 35'• ":\ 37.1 4 394 '5 149 0 34 7 7 370 q 1" 7 
q 387 10 343 11 354 17 42 3 13 142 14 3 p, 'i I '> 3o9 1() 14 i 
17 143 18 292 1Q 286 20 114 2 1 vo 27 310 71 351 ?4 ~ ~"\ 
25 313 26 267 2? 3 16 28 298 29 2 71 3 \. 299 3 1 29 1 1? ") f' ~ 
33 ~73 34 274 35 3 11 36 28 7 3 7 ?79 3 !\ 27A 10 ?'>') '•0 ·q ? 
41 ?. 4 A 42 261 43 764 44 "304 4'5 3?3 46 2A2 47 2Q'i 
PUN NUMRER 41 
RCCRO E ( C 1- ?C I POWER= 'i f) . Til-IF= 75 . 0 
NDP= 60 THETA= 5 . 0 DEL THF TA = 0 . 5 nm THE T~ = 4 0 . 0 ·1E l nm TH E T t\= ' ) . 0 
1 49 1 7 572 1 53 8 4 5Sn ") ?4CJ r. (,40 7 'in~ H ,~~~ Q c;qq 10 6? 0 1 1 664 12 651 1 1 609 14 62 7 I 'i 632 lA 51i I 
17 640 18 6 14 19 654 20 6A4 2 1 78 2 27 QBl 7" 1 '~ 30 74 1')0 1 
25 1 ~ 2 1 26 204 1 27 2320 28 2842 ;>q 3"1 17 30 3Q 19 3 1 4171 3? 44 7'> 
33 4173 34 382 1 3'5 3583 36 3157 37 2 7?4 3A 2 17 5 3Q 16 7 3 40 D ? l 
41 977 42 750 43 53'5 44 4 58 45 467 46 470 47 3Q6 4 P 4? J 
49 443 50 4 40 51 4 27 52 4 21 53 46 6 54 377 ')'5 44n '>fl 4')Q 
5 7 472 58 4 04 5C) 371 60 35 1 
RUN NlJ"1BER 4 2 
236 
RCCRO (T) f COl -20 ) POWEP-= c; o . TJPOI E: ?5 . 0 
NOPs 64 THf T A•-40 . 0 OEL THETA = 0 . 5 TWO TH ETA = 4 0 . :) I)[ L TWO TI-I ET-\= 1 . 0 
1 h2P 2 512 3 53h 4 5 12 5 '580 ,._ .,~ ~ 7 ')h') ~ Cj () r., 
q 5 3l 10 527 11 556 12 57 A n 610 t '• ') 7<\ I " 5A'i ) ~ r; r· 7 
17 s~9 1 8 54 A ttl ':1 74 7.0 569 2 1 ';')7 7.? -,n 2 1 6G 7 24 ·P A 
25 1 014 26 1433 27 Pl37 ZP 21 1\ 7 79 22?7 3(. 7 144 ':\1 250 3 1 7 2~<;4 
33 2642 34 257R 3'5 2217 ~6 1A1 5 17 1314 1 q QQ ') '\Q R06 4 0 .. , ~ 
41 6A5 42 81~ 41 6')7 44 h46 4'5 6 0 5 4 n 72 4 47 7')4 4 R 70 1 
49 896 50 1147 51 996 52 995 53 970 54 7R1 o;c; 740 ')I', nt 
57 691 58 662 59 7 CB 6 0 ~6A 61 '54 0 f.? 5A7 t- 1 "i0 4 A4 'lP 
RUN NUMRER 41 
RCCR0+4S FCOI - 70 1 POWER:: c; o. TIMF = ;>•; . c 
NO P = 7 2 THETAc s. o DFL THE TA= 0 .') Twn THfTA= 40 . 0 DF L TWO THFTI\= t . • t 
1 45 1 2 436 1 439 4 4 2 7 5 4h7. 
,, 4B 7 4 37 
" 
' · ~) 7 
9 462 10 4 32 11 514 12 3 R1 13 43 0 14 400 1<; 4 f)/ l fo 4 .... 7 
1 7 4b5 18 479 19 56C 2C h46 71 h64 2? 70 7 7 i 65 '\ ?4 1'\ 1 ) 
2 5 1 227 26 1 639 21 197 1 2 E' 2000 79 1950 3 0 7 16 4 H 73 7'> 1 7 ?It 2 7 
33 2195 34 196R 3'5 lh'5'5 16 12 76 37 A31 1 A t-3 7 39 4 71 ~'tl.i 
jO"\ 
41 424 42 407 41 417 44 "i17 45 433 , . .... 37 7 47 17q 4 R 4 l 'i 
49 421 50 347 51 3 21 5 2 ?At. 51 344 54 ·n 6 '> 5 15h ...... JP 'l 
57 3 ?f. 58 334 5<) 7AO h C 264 61 3 1 8 6 7 7 '\ '\ 63 3 ("111 A4 "\ ?~ 
65 7.90 66 3 10 67 ~lA 6 A 1 7 6 h9 1'51 1 0 H i? 1l 1"H 17 11 ' l 
RI JN NU~B E R 44 
RCCR 0 +45(T ) f i OI-70 ) P[l W~R= c; n . Tt~ r = 2s . r 
NOP2 71 THFTA•-4C . O DEl THETA -.: o.s TWO THETA-= 4 0 . 0 DE L TWO THf TI\ = 
I • ( 1 
1 374 2 369 1 ~57 4 4 0 4 '5 37t. f, 1C)0 7 1 Afl ~ v .? 
9 3 QO 10 375 11 401 12 4 2 R n 3RQ 14 l Ab l"i 3~2 l f) 
v ; c, 
17 419 18 H 3 1Q 3Q9 zc 477. 2 1 760 ?7 711 n !) l () 7 '• 
R l ') 
25 878 26 874 27 7't9 2A q ?. 4 zq 1426 1 0 l AO? 3l 16 '>0 3? t ln \ 
33 1281 34 n11t 35 1157 ':\6 1127. 37 950 3A r; A1 
~ Q "i57 4 0 40. 7 
4 1 4SA lt2 48(. 43 44q 44 490 45 477 4A 'i l4 '· 7 
c; '\ A 4 H 4 (') 1 
49 492 50 578 5 1 594 .,7 634 53 469 "i4 441 
.,., 3 '? 7 .,,, 4 1 · l 
'57 379 5A 192 SQ 41C 60 414 6 1 320 6 2 '\ 03 
.<-'\ ~A2 1-.4 ·~ '· ., 
65 381 66 155 "1 375 "A 360 t.9 347 7 C 1 73 71 ·~ c; !l 1 ? '\f. <> 
73 388 
PUN NIJMRF.R 4') 
PCCCRO F.( Ot -201 POWfR: '> 0 . Tl~r = ?"- . 0 
NOPs 60 THETA• 5 . 0 Ofl THfTA = o.s TWO THETII = 4 Ci . O f) F. l TWO 
TH F T-\ = o. o 
1 491 2 572 3 538 4 5'56 r; 549 
() f> 4 (', 7 ':i (, ~ n ..,..~ .. 
9 599 10 67C 11 6"4 17 t."i1 13 h09 14 f>77 1 5 
A 'P l '- ">Il l 
17 640 18 6 14 19 654 2 0 6R4 7 1 7~7 27 ')~ 1 21 
1 "\l f. ?4 l 'H l 
25 182 1 26 7041 71 2320 2fl 2A42 29 ~317 1 (' 10 19 3 1 41 7 1 l7 4 '•7'> 
237 
ll 4 l73 3 4 3821 35 3583 36 3 1 57 3 7 27'J4 lFI 711'> 39 1 ~73 4 (1 1 L' I 
4 1 8 77 42 7 50 43 535 44 458 45 467 46 4 7 (• 47 3Q6 '•li 4 ?'" 
49 443 50 4 4(· 5 1 427 ~2 471 5 1 466 54 377 55 44fo ~ I, 4~f) 
57 422 58 404 '>9 371 60 35 1 
RUN NlJMRER 46 
RCCCRO I Tl EIOl-20 1 POWER= 50. Tf~F-= ?'>.0 
NOP= 70 THETA=-4 0 . 0 DEL THF TA= o. r; TWO THETA = 40 . 1" OF L TWO THFTA= J . l) 
1 435 2 499 ~ 304 4 2 7f! 5 3?0 6 303 7 7AO 8 1(, .. 
9 l32 1 0 .,,3 11 302 17 153 1 3 319 14 1 1 q 15 ~en I 1:> ') 1'-, 
17 ?. A4 1 8 304 10 343 20 306 21 319 22 '•1 s 2~ lP6 74 '• (' '• 
25 384 26 801 21 993 ?.P 991 29 1166 30 1 0~ 7 11 9oo 37. PC7 
33 l 2'>CJ 3 4 11 73 35 7P? 36 8fo6 31 817 3P 7f.ll 19 H 1 fl 40 741 
41 797 42 745 43 734 44 ~01 45 755 46 760 47 sn? 4FI 
1)~, 
49 90~ 50 1021 51 <l24 !>2 P24 53 797 54 74') 'i'i 75~ '>6 (> () ? 
57 ~93 58 67C 59 655 60 603 61 'i9l 67 f> 36 61 'iA7 (-,4 A~'l 
'>5 61 4 66 577 67 668 68 647 69 601 7C 'i A~ 7 1 ')1, 1 77 """' 71 57C 74 573 75 66Q 76 h24 77 '57 A 7 A <;49 7fl "~7 
RUN NlJ-..P,ER 47 
RCCRD Ff C1-1 0 l PQWFR= sr . Tl"'f= :.~ .... () 
NDP-= 70 THET Az 5 . 0 DEL THETA= 0 . 5 TWO THFTI\ = 4C·. f' [l[l TWO TH f- TA= :) • 0 
1 65 1 2 692 3 71 C 4 912 5 A47 6 AC)9 1 C)C 1 
p C) 11, 
9 C)2 R 1 0 90CJ 11 qR6 17 992 13 944 14 961 1 r; QSJ 1 A qVI 
17 9h9 18 933 lfl 1039 7.0 986 21 98(-, 2? C)Q7 n 'l47 ')I, C) " '"' 
25 ~ 4 9 2 6 896 27 9 17 28 884 29 92":\ lO A46 11 ~ 42 1? 
p ~~. 
33 763 34 7 9t: 35 R7P 36 76::\ 37 85C 3A CJOCJ 39 Fl(' 1 '•0 7 '{~ 
4 1 7A2 42 754 43 7 45 44 8 1 3 45 703 46 750 47 720 4R 6( '• 
49 689 50 h95 '51 7 27. 52 662 53 71 0 ')4 70'l ')'} 634 
<;I, ,,._ 
5 7 6 6 8 58 501 59 486 60 '>16 6 1 ')19 h2 '508 Al 'il3 /-4 ~~~7 
65 '>46 66 56<'· 67 477 6A 47 1 69 441 70 470 
RUN NU"1RER 48 
MCRD F ( Ol - 10 1 POWER= 1 00 . T 1:.1f-= 7" . v 
NOP= 1 74 THE T /J.= '5.0 DEL THE T/J.= 0 . 5 ncn THETA= 1 0 . 0 DF L 
TWCJ THr:f:\= 1 o:O 
1 651 2 7 0 3 3 803 4 A44 r; 843 6 
Q16 7 1(j'\Q p 1 Jrl') 
q 1081 10 1091) 11 1 212 1? 1J23 13 13'55 14 17n1 1'.> 141P 16 
14r. "} 
1 7 1425 18 1412 19 1423 20 14 7') 71 1411 22 1491i 23 1">73 74 
}4WJ 
25 1 '549 26 149<? 27 1563 28 1642 2Q 1606 30 1 '5<;1, 3 1 1517 
~~ 1 o; 1 7 
33 1639 34 15 17 35 1596 36 1617 37 1476 11l 
1 ()'JJ 39 1 '>B '•· ' 1,,., ') 
4 1 1539 42 1507 43 1582 44 1563 45 1499 46 15 3f\ 
47 1 r; '56 4 '3 11• 1) 




5 7 1440 58 1 3 47 59 1390 60 144fl 61 141f! 62 14~1 
f>"\ 1 4?." A4 1 ~,.. ,, 
65 1405 66 1387 67 1355 68 1423 69 147. 7 
7(1 I 3A2 1l 1447 77 14r 3 
7 3 1302 74 1287 1 <; 1304 76 1 3~2 77 1343 1R 1'\')1 7<} 140? 
q () 1 1 <; ') 
8 1 1'130 82 135~ 83 1307 84 1302 85 1397 86 1 294 
H7 1 7. 99 pq 1 4 ( ') 
89 1 2 67 90 134 A 9 1 1351 92 133~ 93 1 302 94 1798 
qr; }iQ'> CJf> I ., f. ~ 
9 7 1J03 98 1 290 90 1 3 4 7. 100 1336 101 n~a 1 0? 1 2 97 
1 0~ 120R 1•)4 I '~4 
238 
105 1341 106 1344 107 1428 108 1323 109 1387 110 1391 Ill 1317 11? 1360 
113 1115 114 1394 115 1334 116 1344 117 138~ 118 1420 119 1'69 l'-0 1 "i"' 'i 
121 1401 122 1315 123 1380 124 ll86 
RUN NUN8ER 49 
RCCCRD FCOl-10) POWER= zoo . Tl!'i'F= 1?.'5 
NOPs 62 THETA• 5.0 DEL THETA• 0.5 TWO THF.T l:a 4 0 .0 DEl. TWO THfTla:: v. <' 
1 f\3'7 2 683 3 '770 4 830 5 f\29 6 8f.'J 7 A41 R tlC,-+ 
9 856 10 927 11 902 12 939 13 952 14 8P7 p; 912 11'> 102'i 
17 1019 18 1018 19 989 20 1023 21 9C)7 27 1053 2~ 9!)9 24 QA~) 
2'5 1016 26 1045 27 1054 28 1039 29 1034 10 94C) ~1 Q85 32 11)1 .. 
33 963 34 985 35 973 36 qcn 37 959 'A 949 '9 qoz 40 C) 7.1: 
41 838 42 849 43 838 44 795 45 813 46 806 47 794 4B 7'> 7 
49 752. 50 687 51 739 '52 728 53 674 '54 679 
"" 
624 '56 ,~ 7 
57 60'7 58 605 59 '573 60 543 61 41)16 62 527 
RUN NUMRER 50 
MCCRO f(01-10) POWER= 100. r r ~· F= ;~.,.o 
NOP= Ah THETA= s.o OEL THfTA• 0.5 TWO THETA• 10.J DEl TWO THFTA= 1.v 
1 '547 7 499 3 46Q 4 4R8 5 57.1 6 47Q 7 501 p '• 77 
9 c;o 1 10 549 11 508 12 501 n 613 14 ')94 1'; 651 16 671 
17 701) 18 H6 19 801 70 863 21 864 2?. 9 17 73 940 ~4 I r 'i 'i 
25 997 26 966 27 986 28 1086 29 1113 30 1704 31 t13tl 'i2 1209 
33 l\33 34 1191 3'5 1167 36 1212 37 1301 18 1794 39 1299 41) 1274 
41 12?.7 42 1179 41 1305 44 1784 45 1285 46 t :H lR 47 11SO 4~ 1"'47 
49 1241 50 1358 51 1318 52 1300 '53 1355 '54 1318 S'5 1240 '56 11l i 
57 17.89 58 1421 5Q 1287 60 1397. 61 1398 62 H9l 1'>3 1176 64 14:V, 
65 1394 66 1357 67 nC)5 6A 1374 ~9 141'5 70 ll'H 71 nzo; 7? 1 4GI) 
73 1419 74 1291 7S 1282 76 1263 77 1265 7A 131'5 7Q 1344 fi(i nc;r 
81 1365 82 1309 83 1264 84 1346 85 1252 86 1'96 
RUN NU~RF.R 51 
RCCRO G SF.R IF S POWER• '>0. TI.,.F• 2';.0 
NOP• 59 THETA• 5.0 DEl THFTA• 0.5 TWO THETA• 40.0 DEL TWO THETA= 
!) • ,, 
1 "22 2 794 3 829 4 879 '5 871 6 885 7 
qq4 ~ 18 4? 
q 10A9 10 1299 11 145A 11 11541 1l 1612 14 1710 15 18M 16 7014 
17 21'59 18 2236 19 2223 20 2216 21 2666 21 z<n7 7~ 3448 24 
'\A ]f, 
25 3722 26 3704 27 3301 ?A 2760 29 2554 30 23 79 '1 ?t- 10 
·n 7f-1'-
33 7.656 34 2351 l5 2263 36 7.208 37 2031 3P 15Ql 39 1 2 ~9 4U 11 q1 
41 1159 42 · 110 1 41 1009 44 985 45 757 46 702 47 
6Q7 4~ 5 Rrl 
49 579 50 5A1 '51 560 52 475 53 512 54 '546 ')'; 5lt; 56 
6'\q 
S7 486 58 49? 59 "4~ 
RUN NUMBER 52 
MCRO G ~FR IF.S POWER• '50. TI"'E-z l.t; . u 
239 
NOPa 84 THETA• 5.0 Oet THETA• 0.5 TWO THETA• 10 . 0 DEl TWO THETA• 1.0 
1 543 2 474 3 !566 4 484 o; '512 , 1) 21 7 fo62 ll 674 
9 6!59 10 765 11 968 12 1105 13 1328 14 1'59'\ 15 1811 16 7 17<1 
17 2506 18 ?865 19 2967 70 3150 21 3556 22 36 75 23 3899 24 ":\QQQ 
25 4123 26 4128 27 4205 2 8 lt071 29 4112 30 3907 ll 3~62 32 l6R'5 
33 3548 34 3635 35 3398 36 3452 37 3221 38 3154 39 30 07 40 ?8 Jtl 
lt1 2839 42 2664 43 2549 44 2591 4'5 ?'577 46 2495 47 2423 4A 245Q 
lt9 2460 50 2363 51 2313 52 2251 53 221tlt 54 2099 sc; 2 06c; 1)6 1'14'-
57 1986 58 1898 59 1797 60 1816 61 1716 62 1769 63 1744 64 1592 
65 1634 66 1644 67 1443 68 1545 69 1534 70 1 5~4 71 14'l4 72 140 1 
n B51 74 1408 75 1284 76 1289 77 1178 78 1170 7'l 11 .,, QO 1174 
81 1110 8? 1045 83 1046 84 1039 
RUN NUHRER 1)3 
RCCROCT) G SERIES POWER • 50. TIM E• 1.'5 . 0 
NOP.,.. 61 THETA• -40 . 0 DFl THfTA• 0.'5 TWO THETA • 4 0 . 0 DEL TWO THFTA• 0 . (1 
1 601 2 571 3 611 4 t.66 5 702 6 6 09 1 6 75 H 1)9'> 
9 672 10 657 11 646 12 661 13 697 14 742 15 730 16 nc; 
17 64A 18 696 19 706 20 614 2 1 701'1 77 611 7'\ f,}4 74 , n 
25 564 26 631 27 564 28 571 29 506 30 539 31 ')11)5 37 1)7 1) 
33 675 31t 53A 3'i 524 3E- lt 9'5 H 510 3 A 515 39 'i36 40 5 '>4 
41 559 42 550 43 564 44 '564 41) '5'55 46 531 47 552 4ft 5 4 7 
49 570 50 561 51 570 52 566 53 601 54 573 r;r; 713 ')f. 6 0 1'-
57 562 58 596 59 585 60 634 61 5<')5 
RUN NUifiii~ER 54 
RCCRD+45 G SFR I FS POWFR,. o;c . TI~F= ? '5 . 0 
NDP"' 77 THETA • '5.0 DEl THETA~ 0 . 5 TWO THETA• 4 0 . 0 DEl TWO TH ETA: o . r. 
1 662 2 587 3 610 4 614 c; 629 6 112 7 664 A 
,, l'• 
9 760 10 117 11 666 12 7Cj3 13 734 14 1'130 15 Q}O 
.,., A l l 
17 807 18 844 19 895 20 887 2 1 1009 7. 7 950 7.3 10 14 24 l 'l 1 ~ 
25 1 069 26 985 27 985 28 1109 29 1052 30 1043 31 l u 55 '\7 
Qf1 "1 
33 1034 34 1C18 35 996 36 1019 37 975 3" <l3l 19 ~ o;q 40 ~ 7 ~ 
41 !H3 42 766 43 793 44 1'32 45 718 46 77~ 47 h36 4 ti 
c;. l 
49 h07 '50 509 51 '564 57 '576 51 501 54 'il O 5<; 4f>Q ... .... 47ft 
57 495 58 516 59 431 60 462 61 17l 61 3AA 63 44q 64 374 
65 420 66 367 67 430 68 410 69 400 70 394 71 3QC 77 'I'>~ 
73 428 71t 402 75 395 16 4~'5 77 429 
RUN NUHR ER 55 
RCCR0+45CT) G SERIES POWFR= zoo. TIME= 17 .<; 
NOP• ht THETA•-40.0 DEl THETAs 0 .5 TWO THETA• 40 . 0 nrL TWO TH F. T i= o. o 
1 1227 2 1253 3 17.39 4 1166 5 1123 6 1053 1 1060 8 
q 7 o 
9 1006 10 1003 11 1017 12 1001 13 1012 14 947 1'; 10 05 l6 
'i li ,j 
17 926 18 849 19 871 20 756 2\ 816 22 !H 8 23 ~ 14 74 
~77 
25 807 26 764 27 761 28 865 29 8'l6 30 A36 31 PbO 12 
711 
33 867 34 887 35 780 36 838 37 796 3f' ~41 Jt) R53 40 
AqR 
240 
41 785 42 81~ 43 841 44 844 415 78!i 46 A~\\ 47 "44 4R ~Tl 
49 846 50 846 51 839 52 899 5~ 841 !i4 AQO sc; QH .,, !11 1 
57 fUll 58 790 sq 817 60 769 61 819 
RUN NUIIIBER 56 
RCCCRO G SERIES POWER• 5C. T l'4F. • 12.<; 
NOP• 62 THETAs '>.0 DEl THfTAa 0.5 TWO THfTAa 4 0 . 0 DE l TWO THETA• o.o 
1 596 2 612 3 610 4 658 5 5<)7 , 740 7 7C4 A 74 7 
9 767 10 772 ll 776 12 742 13 710 14 7~9 15 762 16 Q1J 
17 870 18 948 t<J 957 20 942 21 974 21 1 0S1 13 114? 24 1(1')1 
25 1093 26 ll03 17 1176 28 1209 2Q n32 3C J ?. ')2 11 1181 37 1701 
33 1087 34 1103 15 1114 36 ill6 H 1108 38 1079 39 1101 40 106=' 
41 1035 42 991 4'3 850 44 921 45 902 46 910 47 APl 4P. 7t)1 
49 673 50 698 51 172 '52 119 '53 645 54 ':>19 55 b30 c;, 
"'"" 57 592 58 552 5Q 547 bO 5'50 61 577 b1 '531 
RUN NU"4RER 57 
RCCCROCTJ r. SEPJES POWEP.• '50. Tt"4f• 1? . '5 
NDP: 72 THETA•-40 .0 DEl THETA= 0.5 T"n THETAa 4 0 . C.: Ofl TWC'I THET/12' \) . o 
1 '560 2 '545 3 555 4 624 '5 565 f. 61Q 1 1\\)Q A c;cp 
q 565 10 60(: 11 6~1 12 630 11 66~ 14 6Cl6 1':i 710 16 7~~ 
17 664 18 700 19 688 20 6A5 21 714 1.2 7':i1 7. 3 ~ ~ 1 ?4 P 1 
25 802 26 785 27 119 28 762 29 826 10 7A4 31 p.c;o '\2 7"\'.J 
:n 1131 34 863 35 810 36 R29 31 915 3fl 766 '\9 P.ZZ 40 P"\0., 
41 796 42 813 43 797 44 77'3 4') 709 46 758 47 7'17 48 6 Hl 
49 700 50 727 51 721 52 715 51 6Q4 ')4 717 55 I'>~ 1 56 7'\4 
57 738 58 639 !'9 637 60 617 61 610 62 687 !.3 h74 64 6•) " 
65 '552 66 599 67 611 68 579 69 628 70 !\ItA 71 ") ')4 72 ')Q7 
RIIN Nt1~8ER '5A 
MCRDf'G G !iERIFS POWER• ') (l . Tl"1fa ~ c;. :J 
NDP~ 80 Tl-iETA• 5.0 DEL THFTAz 0.5 T\110 THETA .. 1C. C O(l rwn TH F. fA: 1 • l} 
1 5c:)7 l 582 3 613 4 '51t 3 5 1067 
, o;oq 1 4'i~ A 4 4 0 
9 lt67 10 476 11 -soo 12 ')01 13 516 14 r; 7~ 1 o; 5 1· 1 l'· <; (, q 
17 710 l8 706 19 709 20 745 ?1 691 22 n4 23 7R4 
:>4 R() A 
25 852 26 136 27 765 28 684 29 707 30 667 ~1 7 7.9 37 
7A1 
33 61'0 34 765 35 731t 36 674 H 64~ 18 t-59 19 716 40 
671 
41 ()60 42 691 43 719 44 691 45 673 46 610 47 1n 4R 64 ~ 
49 636 50 631 f)} 724 52 716 51 711 ')4 7'if) '\') 707 '>f> 771 
'57 766 58 658 5Q 718 60 692 61 686 67 6"i7 61 6Q7 t-4 ~:-A 
65 5R7 66 589 67 636 68 640 6<l 626 70 686 71 I'>C'R 72 
674 
73 1556 74 666 7'5 601 76 665 11 700 7R 686 79 67R 
~c 670 
RUN NUMBER 59 
RCCROCTt G SER IF.S POWER .. 20G. TP~f: 7').0 
241 
NOPa 62 THETA• 95.0 DEl THETA= 0 . 5 TWO THETA= 4 0 . 0 IJEl TWO TH F. T A• :J . O 
1 1018 2 1018 ~ 107.7 4 1031 5 1040 i; 1 005 7 10C 9 8 1 0 4 '1 
9 1042 10 1108 11 ll OA 1 2 1137 n 1183 14 1164 15 1 2A4 16 l70 CJ 
17 l't 11 18 1438 19 1488 20 1409 2 1 1500 22 1593 23 1511 24 160., 
25 1654 26 1586 21 1602 ?A 156'3 29 16~1 30 1642 ~ 1 1590 H 16?1 
33 1665 34 1766 ~5 1767 36 1722 31 1644 ;.\8 16'l1 39 16 12 40 1 573 
41 1561 42 1566 43 1537 44 148 3 45 1420 46 1477 47 ll54 4 fl l l7 3 
49 1323 50 1313 51 1309 52 1191 53 1243 54 1'1 15 55 1205 56 11 ':1'! 
57 1182 58 1119 59 117.1 60 1179 61 1160 62 1131 
RUN NUM~ER 60 
RCCRO H SER lFS POWER .. 50 . T[Mf= 25 . 0 
NOP: 58 THETAz 5.0 DEl THETA= 0.5 TWO THETA= 40. 0 OI- l TWO THETA~ o. o 
1 lA7 2 43~ 3 430 4 478 5 406 6 461 7 520 8 5~A 
9 't75 10 463 11 469 12 4 85 13 510 14 495 l 'i 450 16 57~ 
17 '52 3 18 579 19 650 20 856 2 1 995 22 1295 23 1721 24 2 144 
25 2648 26 2873 21 ~248 28 3133 29 3822 30 3!>99 ~ 1 :n87 37 7 7A 1 
·n 7118 34 1515 35 1112 36 8l1 37 650 38 sn 3<1 513 40 4 'J'i 
41 511 42 459 43 380 44 4 26 45 4Vt 46 416 47 431 4q 44 4 
49 405 50 420 51 383 52 435 53 383 54 ~05 c;c; 4 05 c;r, l'·., 
57 358 58 331 
RUt..! NUMBER 61 
RCCROITl H SERIES POWER"' so . TI MF-= z c; . u 
NDP= 61 THF.TA• 95.0 DEL THfTA= 0 . 5 TWO THETA= 4 0 . 0 OEL TWO THFTt\= o . o 
l 96 1 2 7l5 3 636 4 672 5 851 6 7A1 1 q?A A I',P9 
<) 661 10 647 11 680 12 628 13 674 14 6A5 15 6 71 16 6A<; 
17 647 18 623 19 651 20 671 21 725 22 820 71 771 7. 4 AO " 
25 859 26 1031 2 1 1247 28 l39S 29 1333 3C 1 246 3 1 111 2 17 11H 
33 1045 14 1064 3S 971 36 974 31 859 38 756 39 715 40 
7 <;'!> 
41 75 2 42 772 43 645 44 612 45 603 46 569 47 h05 4A b'•A 
49 636 50 610 51 582 52 S14 53 591 ',;4 592 55 5l7 5~ 544 
57 492 58 522 59 513 60 S7l 61 574 
RUN NUMBER 62 
MCRD H SFRJES POWER • t;O. TI ME= 12 . 5 
NDP•l47 THETA= o; .o OEl THE TAs 0 . 5 TWO THFTA= 10 . 0 DE L TWO T l~f T t\= 1.C 
1 20 1 2 201 3 163 4 1 87 5 179 6 174 1 174 
A 1 Q/. 
9 ZlZ 10 201 11 1Q3 12 1 98 13 238 14 272 15 7h4 16 311 
17 339 18 408 19 514 20 560 2 1 689 22 A?6 23 954 24 
105 l 
25 1121 26 1300 21 1381 28 1542 2() 1620 ~(' 1 805 l1 1R63 "\ 7 1 Q~4 
13 1CJ9B 34 2048 15 2047 36 2087 3 7 215 t; 3R 2015 39 20 28 
4(\ 1Q7fl 
41 1 9 76 42 1837 41 1837 44 1754 45 1849 46 1767. 47 
178? 4A 17 1 Q 
49 1767 50 17?.6 51 1665 52 1634 53 157~ 54 14 74 5'; 140 ~ 
'>6 1 "i c; ~ 
57 1366 58 1287 59 1292 60 121A 61 1207 62 124R 63 11 03 
64 lll <l 
65 1 044 66 1069 67 9 2 5 68 929 69 lt76 1 0 A1h 71 813 
72 7113 
73 762 74 117 75 710 76 655 77 627 78 644 79 
647 RO b l ~ 
242 
8 1 620 82 57~ 83 575 8~ 523 85 ~89 86 569 87 497 88 500 
89 447 90 467 91 ~55 92 453 93 437 94 439 95 440 96 426 
97 402 98 411 99 383 100 ~29 101 379 102 399 103 405 1q4 374 
105 17it 106 406 107 it02 108 itll 109 411 110 418 111 396 11 2 43'5 
113 413 lllt 40it 115 389 116 417 117 409 118 381 119 384 120 443 
121 365 122 353 123 360 124 324 125 338 126 348 127 337 1 2~ 326 
129 329 no 372 131 353 132 358 133 377 134 371 135 391 136 411 
137 380 138 385 1"39 394 140 413 141 378 142 435 143 435 144 4 14 
145 402 146 413 147 410 
RUN NUMBER 63 
RCCRD+45 H SERIES POWER= 50. TIME= ?'5.0 
NOPz 60 THETA= 5.0 DEL THE TA • 0. 5 TWO THETA• 40.0 DEL TWO THETA.,. 1.0 
1 767 2 776 3 797 4 854 5 7':i A 6 742 1 7~6 ~ 7'5 1 
9 761 10 831 11 708 12 742 13 790 14 ROO 15 873 16 7 7 '> 
17 788 18 779 19 731 20 789 21 631 22 668 23 A09 ?4 A4 4 
2 5 889 26 1023 27 1055 28 1283 29 l'H O 30 2 119 31 ?l<H H 2<; 1 11) 
33 ?415 34 2012 35 1584 36 1323 37 1110 38 1155 39 869 40 744 
41 752 42 689 43 619 44 "504 45 572 46 608 47 633 4 8 54o 
49 594 50 571 51 601 5 2 504 53 557 54 629 ljt; 564 '5 6 52') 
57 529 58 575 59 565 60 544 
RUN NUMB ER 64 
RCCR0+45(Tl H SERIES POWER= 50 . TIMF- = 25 . 0 
NDP~ 6 0 THETA•-40.0 DEL THETA• 0.5 TWO Tf.iETAz 4 0 . 0 OEL TWO TH ETA-= 1. 0 
1 44A 2 479 3 492 4 502 5 414 6 476 1 444 fl 4 5 H 
q 452 10 401 11 448 12 435 13 388 14 4 6 3 15 4~6 16 19R 
17 412 18 437 19 369 20 482 21 432 22 496 n 510 ?4 ')(j lo, 
25 669 26 658 27 655 28 581 29 525 3 0 614 31 629 37 6A4 
33 584 34 566 35 lt17 36 537 37 398 38 444 39 4"50 40 447 
41 405 42 41t7 43 444 44 426 4'5 441 46 421 47 455 4 A <;77 
49 552 50 553 51 526 52 508 53 505 54 550 55 '5 0 5 5 1> 4 P t) 
57 413 58 411 59 lt75 60 479 
RUN NUMBER 65 
RCCCRO H SERIES POWER= 50. TIME= 7.'5 . 0 
NOP .. 158 THE TAw 5.0 DEL THE TA• O. 'i TWO THETA• 40 .0 DEL TWO TH E' TA= o . o 
1 387 2 436 3 430 4 478 5 496 6 461 7 '5 20 8 
.,,~ 
9 475 10 463 11 469 12 485 13 51 0 14 4<>5 15 4'50 1 1'. S?R 
17 523 18 579 19 6150 20 R56 21 995 2 2 1295 2l 1721 24 2 14'• 
2'5 2648 26 2813 27 3248 28 'H33 29 3822 lO 36q9 31 B 87 32 ? 78 1 
31 2118 3/t 1515 3S 1112 36 827 37 650 3 ~ 532 39 5 13 40 
4 Q5 
41 517 42 459 43 380 44 426 45 434 46 416 47 433 4 EI 4'•'• 
49 405 50 420 51 383 52 435 53 383 54 305 55 4 0 5 56 34? 
57 358 58 331 
RUN NUMBER 66 
243 
RCCCRD(TJ H SERIES POWER• 50. TIMF • 25 . 0 
NDP• 60 THETA• -40.0 DEL THETA• 0.5 TWO THETAa 4C . O DEL TWO THETAs o.o 
1 619 2 448 3 480 It 471 5 514 6 487 7 468 A '> Ot> 
9 473 10 475 ll 555 12 449 13 540 14 481 15 469 16 45'3 
17 414 18 554 19 489 20 581 21 495 22 525 ?3 544 ?4 6 3?. 
25 584 26 609 27 761 28 977 29 978 30 1066 31 944 32 1070 
33 937 34 919 35 690 36 692 37 653 38 735 39 6 75 4 0 687 
41 604 42 749 4 3 615 44 694 45 578 46 h36 47 512 4A 4 <"1" 
49 487 50 350 51 508 52 625 53 5H 54 630 55 477 56 5~1 
57 492 58 578 59 422 60 505 
RUN NUMBER 67 
RCCRDCT) H SERIES POWER • 50 . TIME• ?5.0 
NDP• 61 THETA•-40 .0 DEL THETA• 0 .5 TWO TH ETA-= 4C, . O DEL TWO TH ETA= o.o 
1 144 2 281 3 165 4 244 5 180 6 254 7 1A7 a 177 
q 252 10 189 11 200 1 2 226 13 11 8 14 240 15 1 82 16 n q 
17 221 18 244 19 1.95 20 310 21 279 22 368 23 385 2'• 54? 
25 905 26 106 2 27 1253 28 1460 29 149 1 30 1668 31 17 25 12 170 1 
33 1558 34 1 247 3'5 1223 36 1029 3 7 845 3Fl 8 11 '9 645 4 0 'H 1 
41 458 42 360 43 32'5 44 399 45 350 46 371 47 32q 4 A '7' 
49 385 50 287 51 281 52 370 53 300 54 '3 75 ')5 285 ., ... 2fl9 
57 370 58 289 59 381 60 322 61 242 
RUN NUMBER 68 
MCCRO H SERIF. S POWER a 50. TIME= 25 . 0 
NDP• 93 THETA• 5.0 DEL THETA • 0.5 TWO TH ETA• 10 . 0 DEL TWO TH ETA= o.o 
1 174 2 210 3 181 It 204 5 236 6 196 7 290 R 
1 ~Q 
9 2 10 10 307 11 236 12 306 13 380 14 355 15 486 16 '>7 1 
17 ''il2 18 776 19 740 20 929 21 1020 22 1102 2 3 1275 ?4 135 1 
25 1495 26 1636 27 1827 28 1993 29 2091 30 2058 3 1 2268 '7 
7211 
33 2 157 34 2275 35 2309 36 2280 37 2364 38 2306 39 2310 4 0 211 1 
41 2266 42 2348 43 2276 44 2254 45 2114 4 6 72"q 4 7 2264 4A 77 7 ':> 
49 2222 50 2103 5 1 2222 52 2 123 53 2 184 54 2069 55 20 95 56 
J0 '57 
57 1972 58 1983 59 2006 60 2082 61 1976 62 1980 63 1825 
(,4 1 7P4 
65 1866 66 1594 67 1744 68 1651 69 170 7 10 1597 11 1665 72 
l M ' Q 
13 1535 74 1627 75 1462 76 1575 77 1499 7A 1601 79 1548 
qo }40 0 
81 1467 82 1524 83 1494 84 1432 85 1451 86 1406 87 1370 E'A 13°1 
89 1381 90 0 91 0 92 0 93 0 
RUN NUMBER 69 
RCCRD A SERIES POWER• 50. TIME= 2o; . o 
NDP• 62 THETA• 5 . 0 DEL THETA• 0.5 TWO TH ETA• 40.0 DEL TWO THETA= o . o 
1 444 2 338 3 404 4 437 5 3A9 6 406 7 441 
A ~flQ 
9 441 10 470 11 389 12 464 13 402 14 408 15 
46~ 16 4 JIJ 
17 421 18 501 19 417 20 468 21 499 22 516 23 689 
24 7<"13 
244 
25 1103 26 156 7 27 2035 28 2504 29 3186 30 3572 31 391'} 32 3799 
33 3 116 34 2523 35 19 14 36 1388 37 984 38 569 39 444 40 H3 
41 3 61 42 240 43 382 4 4 207 45 174 46 290 47 201 48 200 
49 251 50 162 5 1 156 52 258 53 1'35 54 189 55 203 56 169 
57 149 58 201 59 228 60 134 61 121 62 149 
RUN NUMBER 70 
MC RD A SERIES POWER~ 50. TIME• 25.0 
NDP• 88 THETA• 5 . 0 DEL THETAs 0.5 TWO THETA• 10.0 DEL TWO THETAz 1.0 
1 351 2 267 3 257 4 379 5 323 6 324 · 7 316 a 39 1 
9 435 10 368 11 445 12 530 13 655 14 707 15 876 16 10A 7 
17 1223 18 llt43 19 1839 20 1971 21 2241 22 2606 23 2641 24 29;\8 
25 3l51 26 3779 27 3940 28 4 138 29 4227 30 4182 31 4332 37 4671 
33 4544 34 4759 35 4338 36 4426 37 4252 38 3972 39 3880 40 3714 
41 3724 42 3775 43 3968 44 3904 45 3795 46 3809 47 3839 48 362'i 
49 3494 50 3414 51 3347 52 3299 51 3171 54 3087 55 29A2 56 7944 
57 2752 58 2660 59 2707 60 2533 6 1 2411 62 2297 63 2319 64 2219 
65 2079 66 2019 67 1872 68 1954 69 1812 70 1895 71 1631 1 2 1 76 " 
13 1574 74 1614 75 1419 76 1460 77 1430 78 1472 79 139A ~0 1440 
81 1267 82 131 2 83 1226 84 1206 85 1175 86 1204 87 1063 AA 1170 
RUN NUMBER 71 
MCRDBG A SfRIES POWER= 50. TIME• 25. 0 
NOPs 100 THETA• s.o DEL THETA• 0.5 TWO THETA• 10 . 0 DEL TWO TH ETAs 1 . C 
1 313 2 253 3 208 4 239 lj 233 6 220 7 22'} A 2 34 
9 244 10 309 11 223 12 295 13 273 14 330 15 2'H 16 7~7 
17 242 18 353 19 280 20 361 21 309 22 391 23 341 24 4?8 
25 379 26 426 27 403 28 464 29 424 30 504 31 456 32 ~09 
33 484 34 548 35 478 36 532 37 468 38 547 39 494 40 4 R3 
41 475 42 506 43 490 44 468 45 1537 46 501 47 480 4R 44'> 
49 4 7 3 50 486 5 1 575 52 426 53 512 54 450 55 458 56 44 2 
57 460 58 403 59 416 60 397 61 462 62 342 63 487 64 3 '>7 
65 411 66 35CJ 67 416 68 343 69 404 70 281 71 350 72 
7R<"l 
73 180 74 300 75 330 76 308 77 274 78 3 55 7CJ 292 AO 300 
81 26CJ 82 355 83 257 84 3 14 85 228 86 26A A7 330 Afl 76 <1 
89 318 90 243 91 327 92 250 93 2CJ3 94 263 9 t; 2 82 9 6 -no 
97 264 98 319 qq 256 100 294 
RUN NUMAER 72 
RCCRD CT t A SERIES POWER= 50 . Tlf4E: ? S. O 
NOP= 61 THETA•-40.0 DEL THETA• 0.5 TWO THETA= 10. 0 DEL TWO THETA= t . O 
1 244 2 198 3 278 4 218 5 233 6 362 7 
107 8 "20 
q 348 10 294 11 392 12 332 13 236 14 314 15 283 16 
327 
17 432 18 400 19 528 20 820 21 1007 22 }'j56 23 1872 24 71 f.4 
25 2629 26 2965 27 3 141 28 3345 29 3002 30 2q61 31 
2664 l2 2 11 0 
33 1871 34 1374 35 1036 36 838 37 581 38 5213 
1q 4f>9 40 3 ~ 7 
41 4 7 5 42 465 43 388 44 460 45 547 46 644 47 
877 4 R $3l0 
49 859 50 888 51 682 452 560 53 559 54 500 55 
519 56 50? 
245 
57 4 7 2 58 453 59 345 60 363 61 460 
RUN NUMBER 73 
RCCR0+45 A SERIES POWER• 50 . TIME= 25 . 0 
NOPz 63 THETA• s.o OEL THE TA• 0.5 TWO THETA• 40. 0 DEL TWO THETAs o. o 
1 381 2 257 3 406 4 364 5 339 6 350 7 322 R 7~1 
9 376 10 312 11 346 12 359 n 354 14 361 15 403 16 3 7<i 
17 3A9 18 507 19 438 20 534 21 574 22 530 23 650 24 648 
25 815 26 lOll 27 1157 28 1455 29 1676 30 1744 31 1998 l2 1 fl1l 
31 1644 34 1433 35 1005 36 798 37 672 38 506 39 404 40 3Q7 
41 344 42 333 43 473 44 396 45 432 46 327 47 255 48 469 
49 393 50 364 51 317 52 373 53 255 54 345 55 280 56 317 
57 373 58 180 59 193 60 235 61 208 62 1Q8 63 ZAO 
RUN NU~BER 74 
RCCR0+45(TJ A SERIES POWER= o;o. TIM E= 25 . 0 
NDP"' 65 THETA•-40.0 DEL THETA= o. s TWO THETA= 40 . 0 DEL TWO TH ET I\= o. o 
1 414 2 459 3 430 4 445 5 557 6 388 7 452 8 502 
9 510 10 510 11 459 12 445 13 557 14 433 15 490 16 49~ 
17 427 18 510 19 510 20 441 2 1 447 ?7 515 23 479 ?4 456 
25 '527 26 467 27 449 28 466 29 553 30 419 31 511 32 5~1 
33 449 34 539 35 539 36 453 37 438 18 5 17 39 476 40 3At; 
41 480 42 440 43 440 44 499 45 545 46 486 47 555 4A 657 
49 676 50 621 51 746 52 670 53 511 54 495 o;o.; 5H S6 444 
57 444 58 484 59 481 60 369 61 373 62 407 63 383 64 "365 
65 428 
RUN NUMBER 75 
RCCRO A SfR I ES POWER• so. TIM E= 25.0 
NDP• 61 THETA• s.o DEL THETA• 0 . 5 T"'O THETA • 4 0 . 0 DE L TWO TH ETA= o. n 
1 181 2 430 3 373 4 423 5 399 6 364 7 477 R 4 ?2 
9 449 10 405 11 393 1 2 487 13 376 14 462 15 445 16 417 
l7 492 18 457 19 431 20 477 2 1 460 22 c; 84 23 627 24 6 .-\ 2 
25 829 26 945 27 1120 28 1463 29 1571 30 1798 11 t ARO 32 177? 
33 1689 34 1455 35 1327 36 929 37 774 38 788 39 496 4 0 515 
41 395 42 379 43 407 44 327 45 333 46 357 47 310 ItA ":\06 
49 419 50 238 51 299 52 295 53 218 '54 323 55 249 '56 315 
57 192 58 zoo 59 271 60 195 61 242 
RUN NUMRER 76 
RCCCRO(Tt A SERIES POWER• 50. TIME= ZS . O 
NOP• 71 THETA•-40.0 OEL THETA= 0.5 TWO THETA = 40.0 DE L TWO THETA= o.o 
1 353 2 324 3 319 4 347 5 313 6 280 7 319 8 11<; 
9 336 10 345 11 350 12 168 13 347 14 328 15 3n 16 34 7 
246 
17 319 18 o\44 19 375 20 o\28 21 562 22 548 23 623 24 A51 
25 871 26 1066 27 1283 28 1494 29 1576 30 1849 31 1955 32 1176 
33 2157 34 1814 35 1383 36 1109 37 877 18 907 39 658 40 6 'H 
41 550 42 478 43 466 44 510 45 484 46 421 47 482 48 452 
49 438 50 444 51 4515 52 420 53 480 54 478 55 412 56 427 
57 453 58 437 59 478 60 3155 61 446 62 403 63 381 64 464 
65 375 66 357 67 388 68 388 69 400 10 368 11 342 
RUN NUMBER 17 
LAUE CURVE A SERIES POWER• 100. TIME• 25.0 
NDP•184 THETA•-20.0 DEL THETA• o.o TWO THETA• 5.0 DEl TWO THETA• 1.0 
1 1096 2 858 3 827 4 699 5 606 6 678 7 557 8 53'; 
9 588 10 504 11 498 12 564 13 lt85 14 561 15 539 16 54'5 
17 1559 18 650 19 636 20 61tS 21 803 22 900 23 1199 21t 1347. 
25 llt72 26 llt23 27 13915 28 1185 29 804 30 719 3 1 713 32 74q 
33 764 34 872 35 890 36 1035 37 1202 38 1'H9 39 1894 40 255h 
41 3082 42 3668 43 4392 44 4489 45 4698 46 4846 47 4830 48 46l7 
49 4l24 50 3329 51 2625 S2 2180 53 1621 54 1116 5'5 948 56 8 74 
57 1Z3 58 651 59 682 60 636 61 620 62 7AO 63 715 64 73fl 
65 A78 66 879 67 853 68 835 69 757 10 70$J 71 817 17 694 
73 117 74 803 75 738 76 751 17 805 18 677 19 746 AO 774 
81 733 82 725 83 790 84 847 8'S 857 86 986 87 1142 88 10 Qt; 
89 1098 90 971 91 982 92 1003 93 988 94 927 95 1149 96 1110 
97 1096 98 1118 99 1224 100 1142 101 1200 101 1180 103 1069 104 1093 
105 915 106 900 107 946 108 843 109 959 110 979 111 911 112 94q 
113 958 lllt 860 115 851 116 907 117 796 11A 876 119 855 120 7'5'> 
121 IH8 122 134 123 715 124 811 125 711 126 684 127 753 128 7'H 
129 750 130 848 131 952 132 855 133 1089 134 107S 13'5 1018 136 1049 
137 1094 138 1076 139 1025 140 1002 l'tl 863 142 786 14' 766 144 754 
145 736 146 695 147 658 148 136 149 723 150 692 151 713 152 6'l" 
153 706 154 732 155 7 20 156 687 157 118 158 744 1'59 702 1M 7'3'3 
161 797 162 684 163 721 164 139 165 634 166 691 167 780 168 704 
169 701 170 766 171 801t 112 708 113 728 174 736 175 708 176 756 
111 814 178 742 119 760 180 751t 181 613 182 740 183 758 184 ,74 
RUN NUMBER 7A 
RCCRD BC 01-05) POWER• 100. TIME• 25.0 
NDP• 40 THETA• 10.0 DEL THETA• 0.5 TWO THETA• 40.0 DEL TWO THETA• o. o 
1 457 2 440 3 389 4 31t4 '5 377 6 330 7 305 R 3fl0 
9 357 10 341 11 405 12 460 13 lt38 14 578 1'5 667 16 87 7 
17 1054 18 1072 19 1189 20 1302 21 1159 22 1260 23 1071 24 
'1\4 
25 815 26 690 27 502 28 425 29 350 30 Z79 31 Z8 1 'l 2 204 
33 156 34 205 35 168 36 125 37 ?.30 3R 141 ~Q 143 4 0 
:n4 
RUN NUMBER 79 
RCCRD IH01-10l POWER• 100. TIMF= 25. 0 
NOP• 40 THETA• 10.0 DEL THETAs 0.5 TWO TH ETA• 40.0 DEL TWO THET lis u. o 
1 ltl5 2 344 3 453 It 301t 5 146 6 186 7 346 A 
340 
24 7 
9 384 10 427 11 573 1 2 55 3 1 3 814 14 869 15 11 36 1fl 13l 'i 
11 1611 18 18 1 1 19 1«;120 20 1929 2 1 2071 22 2021 23 18 18 74 1497 
25 1369 26 11 2 7 27 860 28 748 29 509 30 424 31 365 32 27R 
33 514 34 18 4 ~5 254 36 165 31 157 38 204 ~9 209 40 17 R 
RUN NUMR ER 80 
RCCRD 8 ( 0 1-15) POWER= 100 . TIMF = 2'> . 0 
NDP= 40 THETA= 10 . 0 DEL THETA = 0.5 TWO TH ETA= 4 0 . 0 DE L TWO THFTA= o.o 
1 493 2 390 3 350 4 4 28 5 41 9 6 ~96 7 39R 8 4 2 1 
9 499 10 539 11 552 1 2 656 13 9 23 14 11 70 15 1433 16 1R 3 1 
17 2 132 18 2612 19 2803 20 292 8 7. 1 2974 27 7975 21 26 '54 24 71 hC) 
25 1922 26 1603 27 1230 28 963 29 649 30 427 ~· 435 32 3'53 33 220 34 226 35 241 36 2 34 3 7 205 3A 18 1 39 194 40 7 '5 5 
RUN NUMBER 8 1 
RCCRD 8(01-2 0 ) PO WER= 100 . T IME= 2 'i. O 
NDP= 40 THETA= 10 . 0 DEL THETA = 0.5 TWO TH F. TA = 4 0 . 0 OEl TWO TH ETII = o.o 
1 389 2 387 ~ 44 7 4 473 5 393 6 45'5 7 475 R 477 
9 463 10 553 11 634 1 2 764 1 3 1000 14 111 5 1'5 16 ll 1A 7 19 :.) 
17 267 9 18 3143 19 3 582 20 3857 2 1 3780 77 3750 23 34 73 24 313'5 
25 238 7 26 2 00 2 2 7 1582 28 11 09 29 769 30 5 77 1 1 470 17 4Ql 
33 ?82 34 238 35 281 36 267 3 7 203 3P l QO 19 257 4 0 24 '5 
RUN NUMBE R 8 2 
RCCRD EHOl- 25 ) POWER= 100 . TIM E= 7'i . O 
NOP= 40 THETA= 10 . 0 DEL THETA = 0 . 5 TWO TH F. TA = 4 0 . 0 OEL TWO THE TI\= o. o 
1 461 2 428 3 469 4 486 5 4'54 fl ';~6 7 532 8 5 0 3 
9 573 10 606 11 1366 12 88 1 13 106 2 14 1566 15 1969 ln 2 '5 7:1 
17 30 43 18 3682 19 3973 20 4241 2 1 4524 22 41 0 7 23 404 8 24 3436 
25 2909 26 2373 '27 1720 28 1288 29 8 74 30 651 11 538 32 4A l 
33 383 34 263 35 245 36 300 3 7 24 5 38 2 07. 39 20 3 40 
2 ljQ 
RUN NUMBER 63 
RCCRO EH 01-30 ) POWF.P= 100 . TI ME = 2 '5. 0 
NDP= 40 TH ETA = 10 . 0 DEL THETA= 0 . 5 TWO THETA = 40 . 0 OFL TWO THETA-= o.o 
1 0 2 481 3 524 4 490 5 532 6 508 1 
55 1 H '5H0 
9 613 10 6 9 0 11 857 12 1360 13 1365 14 1723 15 
2 192 16 ?~oR 
11 3'H9 18 4191 19 4682 20 48 85 2 1 521 9 22 5069 23 
4816 24 4 282 
25 3566 26 2 700 2 7 2 114 2R 15 86 29 11 56 3 0 898 3 1 
535 n 470 
33 421 34 390 35 286 36 2 '55 31 286 38 2 72 
39 241 40 2~ 1 
RUN NUMAER 84 
248 
RCCRD 8(01-35) POWER= 100. TIME= 25 . 0 
NDP= 40 THETA= 10.0 DEL THETA= 0.5 TWO THETA = 40 . 0 DEL TWO THETA= o .o 
1 0 2 488 3 572 4 483 5 580 6 536 1 '544 A 5Q6 
9 653 10 845 11 864 12 1100 13 1469 14 1943 15 2313 16 3080 
17 3905 18 4660 19 5094 20 5627 21 5853 22 571A 23 5308 24 48 39 
25 4051 26 3225 27 2493 28 1912 29 1340 30 9'53 "H 714 3? 527 
33 4A4 34 381 35 298 36 253 37 347 38 317 3<) 237 40 716 
RUN NUMBER 85 
RCCRO BfOl-40) POWER= 100 . TIME-= 25 . 0 
NDP= 40 THETA = 10 . 0 DEL THETA = 0 .5 TWO TH ETA = 40.0 DEL TWO THETA= o.o 
1 0 2 630 3 519 4 '55 2 5 6B 6 f>04 7 600 8 71 ?. 
q 708 10 783 11 899 12 1297 n 1650 14 2094 15 2636 16 3347 
17 4417 18 4994 19 5787 20 6023 2 1 6151 22 6177 ?3 5697 ?4 504R 
25 4337 26 3483 27 2499 28 19 24 29 1382 3 0 1031 3 1 685 32 5?3 
33 413 34 434 3'5 313 36 277 37 354 38 332 39 2f>3 40 292 
RUN NUMBER 86 
RCCRO Bf01-45) POWEP= 100. TJ~E= 25 . 0 
NDP= 4 0 THETA= 10 . 0 DE L THETA = 0.5 TWO TH ETA = 40 . 0 DEl TWO THETfl= o. o 
1 575 2 669 3 610 4 629 5 595 6 640 7 715 A 7(1Q 
q A '55 10 855 11 1038 12 13'57 n 1566 14 2 131 15 7.f>4 1 16 34"'q 
17 4058 18 4894 19 5490 20 6013 21 6221 22 6093 23 5644 74 511 ~ 
25 4314 26 3441 27 2545 28 1895 29 144 2 30 99'• 31 752 3?. A70 
33 470 34 437 35 412 36 3 18 37 370 38 2A7 39 285 40 30 1 
RUN NUMRER A7 
RCCRD Pf01-05 ) POWER= 75. TIME= 2'5 . 0 
NOP= 40 THETA= 10.0 DEl THETA= 0.5 TWO TH FTA = 4 0 . 0 OEL TWO TH ETA= o . n 
1 364 2 341 3 370 4 290 5 376 6 301 7 305 A 1'57 
9 27 8 10 308 11 372 12 331 13 419 14 '5 83 1'5 5 72 16 6Q4 
17 805 18 949 19 879 20 905 2 1 856 22 1035 23 830 24 77'{ 
25 717 26 536 27 481 28 476 29 3'H 3 0 71'5 31 291 32 705 
33 292 34 195 35 145 36 261 37 142 38 180 39 215 40 1 50 
RUN NUMBER SA 
RCCRD 8(01-10 ) POWER= 75 . TIME= 25 . 0 
NDP= 40 THETA= 10. 0 OEL THFTA == 0 . 5 TWO THETA= 40. 0 DEL TW O THETA= o .o 
1 378 2 364 3 255 4 356 5 250 (, 296 7 
)49 A ;? 7Q 
9 374 10 337 11 360 12 457 13 450 14 574 15 760 16 
847 
17 1107 18 1236 19 1403 20 1529 21 1599 27 1489 23 1408 
24 13 14 
25 10 16 26 873 27 645 28 499 29 432 30 260 31 
297 3? 2 1'5 
249 
33 188 34 245 35 151 36 159 3 7 0 3A 136 ":\9 1CJO 40 14q 
RUN NUMBER 89 
RCCRO 8 101-15) POWER= 75. TIME= 25 . 0 
NOPs 40 THETA= 10. 0 DEL THETA= O. 5 TWO TH ETA = 40.0 DEL TWO THET fl : o.o 
1 424 2 312 3 356 4 274 5 366 6 ~17 1 259 8 37R 
q 303 10 34 1 11 452 12 299 13 823 14 982 15 1174 16 154 3 
17 1808 18 2038 19 225 7 20 2240 21 245 8 22 2 197 23 1944 7 4 1709 
25 13 26 26 965 27 768 28 530 2 9 411 30 340 3 1 2 37 32 271 
33 161 34 186 35 200 36 163 37 lAO 38 171 3Q 127 40 130 
RUN NUMRER 90 
RCCRO RC01- 20 1 POWER = 75 . TI~ E-= 25 . 0 
NOP-= 40 THFTA= 10 . 0 DEl THETA= 0 . 5 TWO TH ETA : 4 0 . 0 DEl TWO TH ET A= o.o 
1 0 2 353 3 333 4 337 5 329 6 34 1 7 324 q :no 
9 529 10 400 11 449 12 613 n 725 14 9 18 15 11 86 16 1557 
17 113Q3 18 2533 19 2563 20 2698 21 2713 22 2648 23 2582 24 2341 
25 1937 26 1442 27 1156 28 898 29 618 3 0 397 31 437 32 314 
33 190 34 206 35 211 36 217 37 15 2 38 359 39 1R6 4 0 14 7 
RUN NUMBER 91 
RCCRD 8(01-25 ) POWER= 7 5 . TIMf= ? .,. 0 
NDP= 40 THETA= 10.0 OEL THETA= 0.5 TWO THETA = 4 0 . 0 DE L TW O THETA= o. u 
1 318 2 41 8 3 353 4 334 '5 422 6 3'52 7 360 A 4 2'> 
9 442 10 432 ll 515 12 719 l3 815 14 1085 1'5 14 34 1l-> 1 7'5n 
17 2 157 18 2450 19 2832 20 2986 21 3050 22 2807 23 2657 24 2506 
25 1970 26 1561 27 1106 28 7CJ7 29 622 30 456 3 1 400 17 
71R 
33 241 34 214 35 189 36 253 37 19 9 3 8 246 39 142 4 0 131 
RUN NUMR ER 92 
RCCRD FH01- 05 1 POWER= 75. TIM E= 2 '5 . 0 
NOP = 40 THETA= 10.0 DEL THETA = 0 . 5 TWO THETA= 40. 0 DEL ·HI O TH F. T A-: 
o. o 
1 324 2 716 3 2R6 4 223 5 23 1 6 277 
1 22 1 R ?fll'l 
Q 281 10 263 11 3 17 12 362 13 416 14 475 15 5q9 16 
74">, 
17 797 18 880 1CJ 832 20 664 21 656 22 772 23 
786 24 '51'1'5 
25 499 26 330 27 3 16 28 376 29 204 30 2 15 
3 1 192 32 14 7 
33 197 34 151 35 112 36 219 37 12 1 3R 159 
39 10 1 40 14 3 
RUN NUMB ER 93 
RCCRD 6 (01- 10 1 POWER= 75 . TI"' E-= 75 . 0 
NDPs 40 THFTA= 10 . 0 DEL THETA.:z 0 . 5 TWO TH ETA= 40 . 0 DEL 
TWO TH ETA= 0 . 0 
250 
1 290 2 339 3 263 It 262 5 324 6 262 7 350 8 258 
9 289 10 348 11 373 12 455 13 582 14 647 15 922 16 10R5 
11 1196 18 1403 19 1451 20 1498 21 1426 22 1320 23 12 34 24 105~ 
25 852 26 709 27 513 28 350 29 291 30 251 31 213 32 183 
33 160 34 211 35 129 36 152 37 154 38 137 39 166 40 118 
RUN NUMBER 94 
RCCRD fH01-15J POWER= 75. TIME= 25 .0 
NDP= 40 THETA~ 10.0 DEL THETA• 0.5 TWO THETA= 40.0 DEl TWO THETA= o.o 
1 290 2 334 3 311 It 307 5 367 6 264 7 337 R 3Qq 
9 328 10 420 11 522 12 601 13 701 14 912 15 1204 16 ll <lO 
17 1827 18 1770 19 1979 20 2045 21 1919 22 1916 23 1608 24 1362 
25 1315 26 939 27 717 28 524 29 384 30 289 31 222 32 212 
33 150 34 196 35 135 36 130 37 189 38 166 39 216 40 11~ 
RUN NUM8ER 95 
RCCRD 8(01-20, POWER= 75. TIME• 25.0 
NDP= 40 THETA= 10.0 DEL THETAa 0.5 TWO THETAz 40.0 DEL TWO THETA: o.o 
1 411 2 307 3 344 4 380 ') 289 6 2 78 7 387 8 ~21 
9 472 10 453 11 554 12 768 13 937 14 1157 15 1363 16 171 9 
17 2106 18 2203 19 2445 20 2457 21 2317 22 2138 23 1948 24 1'> 14 
25 1349 26 979 27 743 28 581 29 461 30 366 31 246 32 177 
33 242 34 139 35 181 36 123 37 127 38 206 39 138 4 0 148 
RUN NUMBER 96 
RCCRD 8(01-25) POWER= 75. TIM E= 25 . 0 
NOP: 43 THETA• 9.5 DEL THETA-= 0.5 TWO THETAa 40.0 f>El TWO THETA= o. o 
1 321 2 321 3 310 4 322 5 400 6 351 1 330 8 l t-7. 
9 345 10 477 11 496 12 620 13 828 14 985 15 1402 16 1721 
17 2041 18 2616 19 2786 20 2966 21 2985 22 ?988 23 2823 24 256
1t 
25 2153 26 1691 27 1304 28 1028 29 635 30 491 31 405 l? ?f>R 
33 248 34 226 35 177 36 254 37 185 38 152 39 17 2 40 132 
41 174 42 134 43 107 
RUN NUMBER 97 
RCCRD 8 (01-30) POWER: 75. TIME= 2'5 . 0 
NDP• 39 THETA• 10.0 DEL THETA• 0.5 TWO THETA:: 40.0 DEL TWO THETA= o. o 
1 358 2 324 3 343 4 354 5 330 6 434 1 
336 8 402 
9 537 10 576 11 649 12 825 13 1083 llt 1431 15 18 28 
16 23?4 
17 2761 18 3204 19 3536 20 3417 21 3537 22 3378 23 
2856 24 25R"i 
25 2063 26 1571 27 1137 28 777 29 539 30 50 1 ·n 304 
'32 290 
33 305 34 204 35 243 36 192 37 171 38 268 39 
156 
251 
RUN NUMB ER 98 
RCCRD 8(01-35 1 POWER= 75 . TIME= 25 . 0 
NOP= 40 THETA = 10 . 0 DEL THETA:: 0.5 TWO THETA = 4 0 . 0 DE:L TWO THETA= o.o 
1 495 2 355 3 41 2 4 348 5 422 6 4 28 7 415 8 454 
9 488 10 581 11 781 12 986 13 1218 14 1724 }«; 2 104 16 74 ?.6 
11 2999 18 3467 19 3698 20 3130 21 3645 22 3483 73 3008 24 2564 
25 2C26 26 1466 27 1194 28 738 29 600 3 0 <;51 3 1 345 37 253 
33 25 1 34 2 17 35 274 36 147 3 7 168 38 206 39 B 7 4 0 )Of., 
RUN NUMBER 99 
RCCRD 8 ( 0 1-40 1 POWER = 7'5. TIM E= 2"i . O 
NDP= 40 THETA= 10 . 0 DEL THETA = O. 5 TWO TH ETA = 4 0 . () I)(L TWO TH ETA= o.o 
1 35 1 2 382 3 406 4 321 5 389 6 479 7 4 26 R 53~ 
9 512 10 637 11 794 12 1013 13 1324 14 1707 15 2 19 1 16 ?A ll 
17 3 2 45 18 3583 19 3807 20 4115 2 1 3937 22 3856 2.,. 3406 24 ?H64 
25 2 ?.86 26 1665 27 1259 28 945 ?.9 657 .,.0 4 24 31 3 63 ~ 2 ':\'5 1 
33 269 34 294 35 238 36 193 37 271 38 1A4 39 177 40 21 1 
RUN NU"l BER 100 
RCCRD P,(01-451 POWER= 7<; . TIMF = 75 . 0 
NDP= 40 THETA = 10. 0 DEL THETA= 0.5 TWO THETA = 4 0 . 0 DEL TW O TH ETA = 0 . 0 
1 22 2 0 .,. 4 09 4 315 r; 497 () 3R6 1 4)0 A "i33 
9 507 10 644 11 793 12 981 13 1444 14 1841 15 2280 16 7(}?() 
17 3471 18 3973 19 4351 20 4368 2 1 451 0 22 4001 21 ':\7 8 1 24 10 77 
25 2642 26 1986 27 1417 28 984 29 771 30 510 3 1 45 2 32 326 
33 269 34 324 35 214 36 259 37 189 38 172 39 298 4 0 160 
RUN NUfo18ER 10 1 
RCCRD CC0 1-1 3 1 POWfR= 50 . TIM E= 25 . 0 
NDP= 65 THETA= 5.0 DEL THETA = 0 . 5 TWO TH ETA = 40 . 0 OEL TWO TH F TA = o. o 
1 294 2 294 3 286 4 322 5 393 6 349 7 334 B 4 so 
q 441 10 459 11 585 12 654 13 810 14 1020 15 1145 16 115'3 
17 1 206 18 129 3 19 1487 20 1608 2 1 18137 27 7195 ?3 2 113 24 20 4 7 
25 2276 26 2097 21 2242 28 2235 29 2282 3 0 ?184 31 2 114 32 
2 l ')q 
33 2109 34 2001 35 1695 36 1478 31 1211 3A 141 9 3C) 1377 4 0 14 7 7 
41 1 382 42 1124 4 3 1004 44 735 45 616 46 493 47 
416 48 4 30 
49 275 50 217 51 223 52 175 53 151 54 11 9 5'5 175 56 11 2 
57 102 58 137 59 106 60 109 61 102 6 2 157 63 91 
6 4 110 
65 188 
RUN NUM BE R 102 
MCRD C(Ol-131 POWER= so. TIM E= 25 . 0 
252 
NOP= 9 2 THETA= 5 . 0 DEL THETA= 0 . 5 TWO TH ET A= 10 . 0 DE L TWO THE TA= 1. 0 
1 424 2 367 3 417 4 4 81 5 363 6 ~8 7 1 403 A 401 
9 4 5 4 10 5 7 0 11 6 69 12 90 2 13 10 14 14 1220 15 14 4 2 16 1833 
17 20 16 18 2205 19 231'; 20 24 69 2 1 266 1 22 2 771 23 2825 24 2891 
25 2985 26 2 8 28 27 282 1 28 2784 2 9 2667 30 2646 3 1 2454 32 2503 
33 22 11 34 2072 35 21 0 5 36 1986 3 7 1904 38 1637 39 176 1 40 1666 
41 15 14 42 1461 4 3 1376 4 4 1267 45 1348 46 1299 47 1?47 48 1?42 
49 1 2 4 4 50 1111 51 1114 52 1090 53 1066 54 953 55 10 18 56 100 7 
5 7 95 1 5 8 9 2 4 59 923 60 9 6 3 6 1 92 3 62 827 63 82 1 64 9 15 
6 5 7 88 66 789 6 7 110 68 8 15 69 725 7 0 753 71 7 26 72 7?3 
73 712 74 6 91 7 5 698 76 655 77 701 78 664 79 720 RO 67fl 
81 6 12 8 2 62 9 83 644 84 580 85 595 86 602 87 686 88 62 4 
89 5Q7 90 594 9 1 558 92 564 
RUN NUMBER 103 
RCCRD A SER I FS POWER-= 50 . TI ME= ?5 . 0 
NOP-= 6 2 THETA= 5.0 DEL THETA= 0.5 TWO THE TA= 40 . 0 DE L TWO THETA = o.o 
1 312 2 359 3 4 1 3 4 35 1 5 353 6 400 7 168 R ":\91 
9 3 7 6 10 477 11 389 12 391 1 3 427 14 352 15 430 16 43o 
17 480 18 462 19 431 20 5 15 2 1 504 22 630 23 809 24 115') 
25 1440 26 19 4 3 27 2510 28 3024 29 3616 30 3 769 3 1 3734 12 141 0 
33 2 786 34 2 19 4 35 1537 36 9 77 37 775 38 458 39 38 7 It O ~92 
4 1 262 42 24 1 43 245 44 2 19 4'; 214 46 206 47 245 4A 216 
4 9 16 1 50 19 6 51 144 52 166 53 146 54 260 55 135 56 1 v~ 
57 177 58 1 25 59 143 60 1 32 6 1 ll 3 6 2 127 
RUN NUMBER 104 
MCRD A SER I ES POWER= so. TIME= ?~ . 0 
NDP= 90 THE TA= 5 . 0 DEL THET A= 0 . 5 TWO THETA: 10.0 DE L TWO THF.TA-= 1 • 0 
1 223 2 29 1 3 233 4 23 1 5 272 6 zcH 7 29? R 101 
9 354 10 339 11 3 36 12 3 74 13 50 1 14 476 15 5 10 16 
6'l4 
17 690 18 836 19 970 20 1283 2 1 147 1 22 1600 23 1822 24 ? 149 
25 235 1 26 2580 21 2824 28 3162 29 3520 30 3 775 31 3862 32 
40":\4 
33 4288 34 4 323 35 4368 36 4722 37 4 724 38 4644 39 4506 40 
4376 
4 1 4209 42 3858 43 3 7 33 44 3628 4 5 3 749 46 3887 47 3Q35 4 8 4 068 
49 37 2 4 50 3788 5 1 3601 52 3394 53 34 16 54 3172 55 3252 56 
3 106 
57 3209 58 3 11 3 59 29 15 60 26 99 6 1 2766 6 2 2 712 63 2592 
6 4 2450 
65 2315 66 2244 6 7 224 9 68 2044 69 1985 7 0 1906 11 
18 14 12 1 75'· 
13 1725 74 1634 75 1697 76 1572 71 171 0 7 8 152 1 79 
1446 80 141 A 
8 1 1486 82 1373 83 1394 84 1327 85 1357 so 17 12 
A7 ll76 AR ll 2'l 
89 1234 90 11 40 
RUN NUMRER 10"i 
RCCRD C ( 0 1-13 ) +A SER IES PO WER= so . TI Mf= ?5 . 0 
NDP= 60 THETA= 5 . 0 DEL THETA= 0 . 5 TWO THETA= 40. 0 DE L 
TWO TH ETA= o .o 
1 495 2 505 3 418 4 452 5 
513 6 465 7 464 8 49R 
2S3 
9 643 10 682 11 824 12 1018 13 1142 14 1093 15 1168 16 1311 
17 1477 18 1535 19 1716 20 1980 21 2346 22 2120 23 2230 Zit 2570 
25 2633 26 2734 27 3011 28 3192 29 3llt2 30 2989 31 2756 32 2411 
33 2058 34 1774 35 1451 36 1354 37 1437 38 1439 39 1500 ItO 130R 
41 1177 42 870 43 768 44 592 45 460 46 372 47 479 48 336 
49 162 50 218 51 276 52 194 53 209 54 140 55 181 56 189 
57 130 58 145 59 227 60 181 
RUN NUMBER 106 
MCRO C (01-13) +A SERIES POWER• 50. TIME• 25.0 
NOP• 94 THETA• 5.0 DEL THETA• 0.5 TWO THETA• 40. 0 DEl: TWO THETA• o.o 
1 272 2 224 3 297 It 289 5 240 6 300 1 324 R 367 
9 384 10 446 11 529 12 668 13 901 lit 1123 15 1286 16 14q4 
17 1790 18 1950 19 2104 20 2175 21 2553 22 2681 23 2818 24 29~6 
25 3112 26 3209 27 3152 28 3300 29 3262 30 3381 31 3221 32 3246 
33 3210 34 3126 35 3244 36 3259 37 3244 38 3284 39 3203 40 37. ll 
41 2971 42 2827 43 2829 44 2736 45 2176 46 2R31 47 2781 48 3045 
49 2932 50 2896 51 2742 52 2628 53 2485 54 2522 55 2593 '56 2~50 
57 2567 58 2425 59 2423 60 2380 61 2327 67 2.,28 63 2299 64 2229 
65 2141 66 2210 67 2098 68 2026 69 2061 70 1914 71 1794 77. 1740 
73 1721 74 1736 75 1645 76 1551 17 1477 78 1566 79 1408 80 13<) 7 
81 " 1448 82 1365 83 1427 84 1386 85 1426 86 1247 87 12 38 88 1232 
89 1208 90 1180 91 1154 92 1142 93 1166 94 11 22 
RUN NUMBER 107 
RCCRD A S ER I E S +C C 01-13 t POWER• 50. TIMf• 2S. 0 
NDP• 58 THETA• 5.0 DEL THETA• 0.5 TWO THETA• 4 0 . 0 DEL TWO THETAs o .o 
1 499 2 543 3 587 4 565 5 529 6 650 7 616 8 641 
9 609 10 755 11 6.98 12 733 13 817 14 914 15 989 16 l ORO 
17 1236 18 1284 19 1502 lO 1957 21 2438 22 3 0R7 23 3422 2 4 40 15 
25 4139 26 4345 27 4049 28 3474 29 2861 30 2098 31 1"573 37 1059 
33 915 34 770 35 739 36 680 37 595 38 614 39 545 40 4 15 
41 429 42 386 43 356 44 320 45 316 46 36 q 47 255 4 8 31"\ 
49 257 50 371 51 245 52 214 5 3 283 !54 232 5"5 241 56 1 120 
57 334 58 223 
RUN NUMBER 108 
MCRO A SERIES+CC01-13) POWER• 50. TIME• 25. 0 
NDP. 91 THETA• 5.0 DEL THETA• 0 . 5 TWO THETA• 4 0 .0 DE L TWO THET~• o.o 
1 288 2 266 3 326 4 261 5 279 6 H 5 7 37~ 8 
)ZQ 
9 356 10 414 11 413 12 458 13 456 14 602 15 627 16 
7 1R 
17 847 18 1003 19 1071 20 1253 21 1576 22 1871 23 2116 24 
249R 
25 2746 26 2975 27 3176 28 'J407 29 3647 30 4066 31 4292 
32 4497 
3'J 4376 34 4610 35 4693 36 4845 37 51"34 38 5036 39 5226 
40 5002 
41 4707 42 4459 43 4342 44 4226 45 4069 46 4 247 47 4331 
48 422 7 
49 4311 50 4193 51 4129 52 3999 53 4029 54 3663 55 3644 
'56 362 1 
57 ]584 58 3469 159 3374 60 3372 61 3134 6 2 3 096 63 3051 64 3017 
65 2810 66 2108 67 2700 68 2559 69 2500 70 2410 71 
226Q 72 71H 
254 
7 3 2 172 74 2 164 75 2 062 76 1968 77 1962 78 1870 79 18 13 80 1704 
8 1 1 668 82 1637 83 171 5 84 16 41 85 1649 8(, 1549 87 11}66 88 1474 
8 9 1 5 4 6 9 0 143 8 9 1 14 57 
RUN NUMBER 109 
RCC RD C I 0 1-1 3 )+A SER I ES MI XED POWER= so . TP4E -= 25 . 0 
NDP = 62 THETA• 5 . 0 DEL TH ETA z 0 . 5 TWO THET A-= 4 0 . 0 DEL TWO THE TA-= o.o 
1 3 7 5 2 401 3 3 74 4 323 5 38 1 6 4 23 7 527 B 4 71 
9 1} 13 10 640 11 669 12 79 1 13 808 14 876 15 895 16 972 
17 109 1 18 1138 19 133 1 20 16 10 2 1 1678 22 1649 23 19 7 2 24 2 506 
2 5 2938 26 3 2 71 27 3937 28 4143 29 4272 30 3999 3 1 3397 32 2886 
33 2237 34 1692 35 1324 36 111 5 37 1078 38 1032 39 1028 40 1070 
41 987 lt2 7 5 1 4 3 539 4 4 495 4 1} 38l 4 6 335 47 398 48 7?5 
49 235 50 267 5 1 181 52 163 53 191 54 194 55 205 5fl 16 'i 
5 7 202 58 187 'i9 1 35 60 232 6 1 12 8 62 168 
RUN NUMBER 110 
HCRO C I01- 13 )+A SERIES HI XED POWER= 50 . TI ME= 25 . 0 
NOP= 90 THETA= 5 . 0 DEL THETA= 0 . 5 TWO TH ETA= 10.0 DEL TW O TH ETA= 1 . 0 
1 258 2 2 1 3 3 226 4 308 ') 241 6 273 7 325 8 268 
9 386 10 4 22 11 459 12 583 1 3 670 14 599 15 11 7'5 16 13Q l 
17 1620 18 1700 19 1923 20 2 117 21 23 74 22 2643 23 2910 24 37 '>6 
25 3290 26 3 405 27 3806 28 388 1 29 4006 3 0 4170 3 1 4172 H 4100 
33 4 369 34 4525 35 4564 36 4581 37 468 1 38 4798 39 47 ~6 40 44 6 9 
41 4 336 42 4 005 43 399 9 44 3 9 63 45 4092 46 4059 47 4 114 48 42 t.A 
49 4 09 1 50 3827 5 1 3967 52 354 9 53 3475 54 3522 55 1493 '56 3'573 
5 7 2436 58 3204 59 30 71 60 3088 6 1 2970 62 2913 63 2856 64 2 789 
65 2737 6 6 2594 67 2525 68 2360 69 2332 70 2 160 11 2 106 72 }Q()') 
73 2028 74 204 1 75 1944 7 6 1905 7 7 1109 78 16 72 79 1699 80 tnz 
8 1 16 7 3 82 159 1 83 154 7 84 1492 85 1478 86 1470 87 869 88 U f!ll 
89 1 366 90 1 3 tc~ 
RUN NUMRER 11 1 
RCCRD CI 01-13 ) +A SER I ES MI XED POWFR= 'iO . TI ME= 2'l . O 
NDP= 7 3 THE T A-= 5 . 0 DEL THETA= 0 . 5 TWO THE TA= 4 0 . 0 DEL TWO THETA-= o.o 
1 395 2 4 44 3 533 4 465 '5 '5 7 3 6 526 7 745 
8 8 10 
9 860 10 826 11 965 12 1064 1 3 106 4 14 1 l36 15 1393 
16 1665 
17 17 18 18 1806 19 2 1 55 20 26 86 21 2954 22 3277 23 
350'5 24 355 1 
25 3312 26 3069 27 25 13 28 20 10 29 1623 30 1251 31 
11 21 ~7 Q30 
3 3 970 34 9 17 35 903 36 8 80 3 7 785 38 593 39 
428 4 0 451 
41 317 4 2 306 43 22 6 44 234 4 5 25 1 46 210 47 
204 48 191 
49 230 50 1 43 51 176 52 135 5 3 176 54 166 55 
139 56 191 
57 130 58 138 59 107 60 122 6 1 129 62 94 63 
209 64 q q 
65 194 66 1 57 6 7 120 68 11 6 69 11 3 70 146 
1l 105 72 70 1 
7 3 133 
RUN NUM BER 11 2 
255 
MCRD CCD1-13t+A SERIES MIXED POWER• 50. TIME .. 25.0 
NDP• 99 THETA• 5.0 DEL THETA• 0.5 TWO THE TA• 10.0 DEL TWO THETA• 1.0 
1 275 2 254 3 215 It 309 5 241 6 258 7 265 8 333 
9 110 10 337 11 433 l2 ltltlt 13 582 14 617 15 805 16 A26 
11 1039 18 1138 19 1282 20 1466 21 1617 22 1781 23 2034 24 2167 
25 2375 26 2574 27 2750 28 2838 29 3116 30 3154 31 3518 32 3498 
33 3489 34 3426 35 3613 36 3781 37 3840 38 3971 39 3996 40 395S 
41 4057 42 3677 43 3666 44 3526 45 3533 46 3500 47 3433 48 3520 
49 3560 50 3688 51 3614 52 3594 53 3239 54 3239 55 3145 56 2969 
57 3080 58 2883 59 3161 60 2945 61 2870 62 2751 63 2752 64 2626 
65 2614 66 2522 67 2425 68 2477 69 230~ 70 2188 71 2167 72 1978 
71 2027 74 1955 75 1885 76 1823 77 1766 78 1754 79 1598 80 1568 
81 1599 82 1557 83 1567 84 1515 85 1605 86 1558 87 1519 88 1382 
89 1555 90 1301 91 1281 92 1291 93 1323 94 1352 95 1249 96 12QO 
97 1279 98 1330 99 1281 
RUN NUMBER 113 
RCCRDCT J A SERIES POWER= 100. TIMEs: 25 . 0 
NDP• 70 THETA•-40.0 DEL THE TA• 0.5 TWO THETA• 40.0 OEl TWO THF.TAs o.o 
1 364 2 325 3 334 4 374 5 454 6 362 7 378 8 438 
9 382 10 413 11 380 12 427 13 530 14 462 15 S32 16 565 
17 591 l8 755 19 794 20 996 21 1327 22 1640 23 l268 24 4l3R 
25 3778 26 4879 27 6047 28 6966 29 7937 30 81t23 31 8788 32 8718 
33 8104 34 7189 35 6422 36 5106 37 4200 38 3346 39 2561 40 207 1 
41 1551 42 1201 43 1100 44 B88 45 1124 46 714 47 746 48 693 
49 754 50 693 51 699 52 635 53 617 54 617 55 668 56 670 
57 755 58 700 59 641 60 616 61 656 62 647 63 598 64 71<) 
65 601 66 657 67 706 68 592 69 594 70 640 
RUN NUMBER 114 
RCCCRDfTJ R SERIES POWER• too. TIME= 25 . 0 
NDP• 68 THETA•-40.0 DEL THETA• 0.5 TWO THETA• 40. 0 DEL TWO THETA• o.o 
1 699 2 562 3 592 It 579 5 590 6 610 1 61t5 8 63Q 
9 679 10 712 11 672 12 770 13 819 14 816 15 832 16 8';''1 
17 918 18 1026 19 1098 20 1226 21 1405 22 1622 23 1855 24 212A 
25 2759 26 3190 27 3887 28 4664 29 5220 30 5456 31 5270 37. lt6l 2 
33 4527 34 4167 35 3455 36 2922 37 2326 38 2000 39 1819 ItO 1566 
41 1367 42 1249 43 1094 44 1057 45 lOll 46 927 47 91t2 ItA 919 
49 901 50 895 51 802 52 805 53 845 54 851 55 832 56 790 
57 798 58 754 59 818 60 698 61 762 62 759 63 671 61t 701 
65 671 66 676 67 616 68 689 
RUN NUMBER 115 
RCCRO+It5fT t 8 SER lES POWER• 100. TIMEx 25 . 0 
NDP• 84 THETA•-40.0 DEL THETA• 0.5 TWO THETA• ltO.O OF.L TWO THETA,. 0.0 
256 
1 538 2 613 3 526 4 545 5 682 6 535 7 513 A 640 
9 551 10 552 11 710 12 546 13 626 14 583 15 567 16 58~ 
17 541 18 581 19 587 20 592 21 564 22 594 23 60A 24 60Cl 
25 613 26 722 27 691 28 696 29 759 30 8 10 '31 822 32 1381 
33 874 34 826 35 810 36 812 37 7 35 38 663 39 772 40 71R 
41 769 42 737 43 756 44 730 45 828 46 972 47 866 48 9 19 
4 9 1054 50 938 51 987 52 1074 53 1013 54 980 55 1003 56 995 
57 1006 58 847 59 945 60 878 61 839 62 889 63 729 64 709 
65 754 66 712 67 724 68 715 69 734 70 6 79 71 704 72 73<) 
73 689 74 618 75 691 76 657 77 626 78 653 79 629 80 667 
8 1 598 82 603 83 646 84 587 
RUN NUMBER 116 
RCC CRD+CRDlCTl 8 SER I ES POWER= 100. TIME'= 25 . 0 
NDP= 64 THETA=-40.0 DE L THETA= 0 . 5 TWO THETA = 40.0 DEL TWO THETA= o.o 
1 254 2 300 3 258 4 316 5 270 6 265 7 251 8 266 
9 164 10 2 76 11 263 12 281 n 267 14 ?49 15 253 16 n o 
17 283 18 242 19 333 20 257 21 342 22 262 23 266 24 282 
25 333 26 321 27 4 27 28 435 29 541 30 501 3 1 5 46 "l? 445 
33 393 34 438 '35 470 36 448 3 7 386 18 400 39 399 4 0 414 
41 428 42 363 43 337 44 367 45 429 46 4 56 47 460 4 8 '59<) 
49 617 50 664 5 1 6 19 52 695 '53 102 54 fl82 55 6 72 56 648 
57 627 58 617 59 570 60 506 6 1 453 62 470 63 4 6'5 64 4 ~7 
RUN NUMR ER 117 
RCCRDC+45&-45tlTlB SER IE S POWER= 100 . TI~F= 25 . 0 
NOP= 63 THETA =-40. 0 DEL THE TA : 0.5 TWO TH ETA = 40. 0 DE L TWO THETA= u. o 
1 147 2 367 3 330 4 452 5 374 6 377 7 390 A 460 
9 431 10 465 ll 594 12 430 ll 456 14 '52 C) 15 h12 16 677 
17 783 18 818 19 958 20 1174 2 1 1411 22 1752 :?3 2207 24 2750 
25 3760 26 4405 27 5391 28 6177 29 7015 '30 7177 31 7671 32 7?'>0 
33 6768 34 6164 35 527 0 16 426A 37 3638 38 2938 39 236 7 40 1A4 2 
41 1444 42 1206 43 1165 44 928 45 835 46 732 47 719 48 70? 
49 665 50 625 5 1 674 52 659 53 618 54 543 55 557 56 570 
51 566 58 522 59 522 60 611 61 492 62 5 1 2 63 483 
RUN NUMBER 11 8 
RCC CU XL POWER= 50 . TIME = 25. 0 
NOP= 60 THETAs o. o DEL TH ETA= 0.2 TWO TH ETA = 15. 0 DE L TW O THETA= o.o 
1 25 7 2 262 3 288 4 188 5 234 6 22 1 7 209 8 2f:.2 
9 2 77 10 208 11 238 1 2 373 13 232 14 238 15 344 16 22R 
17 271 18 280 19 28 1 20 259 21 24 1 22 314 23 2 45 24 
251 
25 328 26 261 27 286 28 372 29 333 30 263 3 1 
350 32 476 
33 464 34 52 1 35 662 36 590 37 624 38 630 
39 593 40 50 7 
41 467 42 486 43 3 12 44 no 45 259 46 365 
47 271 4A 26 2 
49 303 50 281 5 1 322 52 262 53 242 54 323 
55 2 57 56 29C 
57 243 58 237 59 288 60 23 8 
257 
RUN NUMBER 119 
RCC CU XL POWERs 50. TIME• 25.0 
NDP• 60 THETA• 3.0 DEL THETA• 0.2 TWO THETA• 20.0 DEL TWO THETA= o.o 
1 976 2 271 1 281 4 288 5 368 6 306 7 269 8 78 1 9 34l 10 314 11 271 12 293 13 392 14 314 15 284 1ft 35ft n 156 18 296 19 329 20 356 21 338 22 327 23 325 24 4 36 25 334 26 325 27 399 28 562 29 567 30 683 31 929 32 1121 33 1234 34 1417 15 1433 36 1277 37 1168 38 971 39 717 40 6R8 41 414 42 403 43 393 44 373 45 278 46 285 47 278 48 317. 49 287 50 268 51 269 52 344 53 269 54 240 55 268 56 zen 57 228 58 235 59 290 60 255 
RUN NUMBER 120 
RCC CU XL POWER• 50. TIME• 25 . 0 
NDP• 60 THETA• 5.0 DEL THETA• 0.2 TWO THETA • 25.0 DEL TWO THETA= o. o 
1 338 2 322 3 381 4 337 5 353 6 357 7 473 8 3 7!! 9 3 55 10 403 11 424 12 399 13 375 14 437 15 404 16 405 17• 448 18 393 19 396 20 447 21 436 22 437 21 449 24 41 2 25 410 26 545 27 435 28 472 29 627 30 8A3 31 1328 32 2040 
33 2686 34 3470 35 4301 36 4704 37 4834 38 4491 39 4053 40 3107 
41 2218 42 1444 43 898 44 651 45 498 46 441 47 432 48 "\94 
49 394 50 322 51 322 52 315 53 304 54 342 55 342 56 3AO 57 286 58 286 59 299 60 286 
RUN NUMBER 121 
RCC CU XL POWERs 50 . TIME: ~5. 0 
NDP• 60 THETA• 7.0 Ofl THETA • 0.2 TWO THETA• 30.0 DEL TWO THETA= o.o 
1 411 2 464 3 462 4 434 5 497 6 455 7 438 8 '•50 
9 457 10 441 11 422 12 487 13 488 14 470 15 540 16 500 
17 456 18 497 19 570 20 501 21 503 22 599 23 472 24 5(11 
25 638 26 519 27 592 28 580 29 552 30 604 31 753 32 11 84 
33 1900 34 3059 35 4495 36 5999 37 7334 3R 8390 39 8886 4 0 ~ROO 
41 7740 42 6357 43 4631 44 3404 45 2289 46 1346 47 92R 4R 8 16 
49 649 50 565 51 634 52 493 53 470 54 483 55 459 56 387 
57 393 58 460 59 436 60 433 
RUN NUMRER 122 
RCC CU XL POWER :a 50. TIME= 25 . 0 
NOP• 60 THETA• 10.0 DEL THETA• 0.2 TWO THETA• 35 . 0 DEL TWO THETA= o.o 
1 240 2 498 3 544 4 505 5 488 6 448 7 610 8 5 10 
9 537 10 584 11 564 12 553 13 556 14 567 15 537 16 552 
17 608 18 582 19 724 20 587 21 630 22 587 23 616 24 660 
25 711 26 638 27 722 28 900 29 1301 10 7.261 31 3952 32 5674 
33 7268 34 9105 35 10629 36 11459 37 11192 38 9919 39 8198 40 64 1 R 
2S8 
41 4359 42 2978 4 3 1188 44 1244 45 978 46 798 47 855 48 IS 8" 
49 560 50 507 51 509 52 480 51 575 54 476 55 437 56 410 
57 421 58 398 59 399 60 454 
RUN NUMBER 123 
RCC CU XL POWER• 50. TIME• 215. 0 
NOP• 60 THETA• 12.0 DEL THETA• 0.2 TWO THETA• 4 0 .0 DEL TWO THETA• o. o 
1 624 2 613 3 599 4 620 5 608 6 566 7 1598 8 56 0 
9 672 10 641 ll 651 12 621 13 614 14 632 15 646 16 6~? 
11 68'3 18 601 19 618 20 742 21 648 22 660 23 698 24 699 
25 714 26 714 27 705 28 745 29 783 10 877 31 1202 32 1920 
33 2989 34 4661 35 6630 36 8283 31 9948 38 1089 2 3 9 11094 40 1028 7 
41 9189 42 1309 43 5267 44 3657 45 2411 46 1522 47 1190 48 100 1 
49 805 50 733 51 681 52 641 53 618 54 5R6 55 1543 56 '584 
57 1560 58 516 59 626 60 465 
RUN NUMBER 124 
RCC CU XL POWER• 50. T H~ E• 25. 0 
NOP• 6 0 THETA• 17.0 DEL THETA• 0 . 2 TWO THETA • 4 5 . 0 OEL TWO THETA• o.o 
1 615 2 594 3 611 4 597 5 719 6 609 1 618 8 6 1R 
9 638 10 585 11 754 12 680 13 672 14 111 15 724 16 132 
11 844 18 980 19 1436 20 2423 2 1 170 9 22 53't3 23 6643 24 784 1 
25 8802 26 9329 27 9181 28 8312 29 703 5 3 0 5289 31 3789 3 2 2604 
n 1164 34 1278 35 1011 36 765 'H 845 38 666 39 639 40 6 21 
41 557 42 595 43 550 44 540 45 525 46 465 47 511 48 
4 74 
49 461 50 411 5 1 429 52 467 53 441 54 411 5 5 4415 56 41 " 
57 198 58 443 59 411 60 383 
RUN NUM8ER 125 
RCC CU XL POWER• 50. TIME• 25 . 0 
NOP• 60 THETA• 20.0 DEL THETAs 0. 2 TWO THETA• 150.0 DEL TWO THETA• 
o.o 
1 2744 2 666 3 482 4 530 5 579 6 1532 1 
586 A 477 
9 519 10 602 11 665 12 559 13 684 14 676 15 
716 16 121o; 
17 1699 18 2792 19 3745 20 5317 21 6333 22 
7167 23 7810 24 8047 
25 7474 26 6575 27 5175 28 3882 29 2659 30 1833 
31 121 2 32 Ql O 
33 776 34 698 35 61'5 36 611 37 543 38 
485 39 504 40 460 
41 468 42 460 43 432 44 509 45 407 46 
402 47 378 48 ..,~ 1 
49 440 50 410 5 1 380 52 335 53 343 54 
3 56 55 5 05 56 355 
57 348 58 376 59 308 6 0 343 
RUN NUMRER 126 
RCC CU XL POWER• 50. 
TIME • 2o; .o 
NDP• 60 THETA• 2 2.0 DEL THETA• 0.2 TWO THETA• 55. 0 
DEL TWO TH ETA• o. o 
1 535 2 569 3 520 4 458 5 532 
6 545 7 o; zs 8 540 
259 
9 540 10 524 11 636 12 563 l3 574 14 6)3 15 617 16 64S 
1 7 711 18 910 19 1328 20 2050 21 1066 22 4065 2) 5206 24 6 061 
25 6964 26 730 7 27 6946 28 5993 29 5068 30 3820 ll 2714 32 1ff9~ 
33 H63 34 1065 35 809 36 718 l7 695 38 585 
" 
560 40 54 6 
4 1 525 4 2 475 43 470 
" 
448 45 457 46 4, 47 393 48 4 .. 6 
49 421 50 402 51 469 52 394 53 366 54 373 55 360 ~6 40~ 
5 7 '334 58 350 59 347 60 355 
RUN NUMBER 127 
RCC CU XL POWER• 50. TIMf• 25 .0 
NOP2 52 THET A• 25.0 DEL THETA• 0.2 TWO THETA• 60.0 DEL TWO THETA• o.o 
1 1884 2 484 3 512 4 488 5 565 6 55Cf 7 579 8 5A~ 
9 527 10 6 0 6 11 598 1 2 590 13 629 14 652 15 760 16 10~A 
17 1628 18 2295 19 3310 20 4075 21 4952 22 5617 23 5972 24 6064\ 
25 5357 2 6 4566 27 3582 28 2906 zq 2170 3 0 1608 31 1250 31 911 
33 763 34 7 34 35 635 36 618 37 541 38 573 39 -soo 40 471 
4 1 593 42 451 43 460 44 457 45 418 46 45CJ 47 419 48 4 () LJ 
4 9 405 50 386 51 493 52 408 
RUN NUMBER 128 
RCC CU XL POWER • 50 . TIMf• 21S . O 
NDP• 60 THETA• 27.0 DEL THETA• 0.2 TWO THfTA • 615 . 0 DEL TWO THETA• o.o 
1 501 2 527 3 588 4 54CJ 5 572 6 600 7 60l' " 
6q'l 
9 619 10 674 11 665 12 714 l3 947 14 1178 15 1617 16 1441 
17 3263 18 4030 19 4827 20 5333 21 5279 21 15096 2l 4315 24 3H' 
25 2937 26 2192 27 1659 28 1360 29 1005 30 861 31 72'5 17 111 
33 740 34 543 35 590 36 598 37 516 38 ~84 39 491 40 
4A7 
41 436 42 446 43 568 44 415 45 472 46 417 47 447 48 
41~ 
~9 415 50 385 51 390 52 421 53 468 54 363 55 36q ~6 '"' 
1 375 58 434 59 355 60 359 
RUN NUMBER 129 
RCC CU XL POWER• 50. TIME• 25.0 
55 THETA• )0.0 DEL THETA• O. 2 T'-0 TH ETA • 70 . 0 OEL TWO THFTA• 
o.o 
\ 2 541 3 557 4 534 5 541 6 609 1 1520 
8 s~o; 
10 617 11 661 12 653 13 688 14 764 15 
11q 16 10 11 
18 1760 19 2488 20 3170 21 39~6 21 4621 23 
4888 24 4 .. 12 
26 3825 27 3099 18 2516 29 1769 30 1339 3 1 
1182 '2 CJ'J') 
' 4 719 35 649 36 626 31 586 38 616 
39 507 40 <;29 
4 1 503 42 498 43 510 44 468 45 445 
46 417 47 41'2 48 46~ 
49 402 50 454 51 396 52 401 53 421 54 
375 55 299 
RUN NUMBER 130 
RCC CU XL POWER• 50. 
TIME• 25 . 0 
NDP• 52 THE TA• 33.0 DEL THETA• 0.2 TWO THETA• 75 . 0 
DEl TWO THETA• 0 . 0 
260 
1 S73 2 574 3 575 4 S86 5 574 6 544 1 605 8 694 
9 64 2 10 706 11 673 12 665 l3 839 14 924 15 11 94 16 166S 
17 2220 18 2949 19 3449 20 18S8 2 1 42 29 22 4172 23 3820 24 316C) 
25 2100 26 2114 21 1725 28 1234 29 91l 30 842 31 776 32 801 
33 653 34 600 35 570 36 594 37 626 38 549 39 486 40 530 
41 451 4 2 542 43 475 44 488 45 452 46 517 47 438 48 41 0 
49 397 50 373 51 467 52 382 
RUN NUMBER 131 
RCC CU XL POWER= l OG. TlME= 7 '>. 0 
NOP= 58 THETA= 15.0 DEL THETA = 0 . 2 TWO THETA= 40 . 0 OEL TWO THETA= (1 . 0 
1 576 2 503 3 696 4 608 5 651 6 c; 86 1 616 R S9'i 
9 656 10 679 11 694 12 105 1 13 654 14 764 15 795 16 11 95 
11 1930 18 3241 19 4924 20 6808 2 1 8643 22 10159 23 11111 24 111 ~2 
25 10453 26 8538 27 6869 28 5070 29 35 72 30 23 11 31 1449 n 10 14 
H 829 34 769 35 764 36 679 37 697 38 539 ~9 594 40 600 
41 58 1 42 495 43 5 12 44 438 45 542 46 '>42 47 377 48 4?i 
49 419 50 405 51 445 c;2 392 53 421 54 394 55 351 56 4Q4 
57 ~66 58 304 
RUN NUMRER 1~2 
MC CU XL POWER= 100. TIME= 2'i . O 
NDP=23~ THETA = 5 . 0 DEL THE TA= 0.2 TWO THETA= 10 . 0 DEL TWO THFTI\ :: 0 . 4 
l 610 2 470 3 719 4 524 5 539 6 497 7 540 ~ ';'\11 
9 594 10 679 11 566 12 667 13 686 14 716 15 764 16 674 
17 714 18 836 19 784 20 784 21 834 22 928 23 1096 24 101.i7 
25 1173 26 1286 27 15 19 28 1929 29 1745 30 193 1 ~ · 2102 12 7 51'\ 33 268R 34 2972 35 3190 36 3775 31 4348 38 4 348 39 4628 40 ~140 
41 5288 42 57 23 43 6007 44 6230 45 6378 46 6cn3 47 71 47 48 7520 
49 8116 50 8197 'H 8600 52 8776 53 916 0 54 9446 c;s 9'>50 56 Q60" 
'57 98 1A 58 10070 59 10181 60 104 30 61 10606 62 10892 63 10892 64 11 77"> 
65 11 225 66 11004 67 10690 68 10743 69 10432 10 1041 4 11 10519 72 1069<) 
13 10746 74 10746 75 10857 76 10659 77 10422 78 10394 1Q 10312 RO 102'iQ 
8 1 10208 82 9645 83 9333 84 9012 85 9338 86 9048 87 8857 AS BA~? 
89 8638 90 9399 91 8953 qz 9055 93 8987 94 A'>AA 95 8639 96 8450 
97 8215 98 8047 99 7740 100 7748 101 7536 102 7649 103 7451 104 74'> 'l 
105 7308 106 1313 107 6895 l OA 7061 109 6963 110 6855 1ll 652 1 11 2 h4? 3 
113 6559 114 6660 11 5 6367 116 6745 117 6632 118 6508 119 6~02 120 62'\7 
121 6 136 122 606 1 123 5946 124 5790 125 5121 126 566 1 127 5643 171;1 
51';? 
129 5192 130 5202 131 5018 132 4912 133 5110 134 5050 135 49 23 136 5044 
137 495? 138 4893 139 4893 140 466 3 141 4878 142 4674 143 4600 144 
4674 
145 46 10 146 461 8 147 4594 148 4581 149 4581 150 4S01 151 4242 152 
4~04 
153 4368 154 4274 155 4212 156 4181 157 1980 158 4122 159 4003 
160 39'+3 
161 4057 162 3969 163 3858 164 3154 165 3692 166 3699 167 
3779 168 35~'> 
169 3547 170 376 1 171 3637 172 ~667 113 3553 174 3672 115 357<l 
176 34Q7 
177 3472 178 3571 179 3502 180 3416 181 3296 182 3380 183 
3206 184 ~20 '> 
185 3193 186 3287 187 3118 188 3169 189 3174 190 3116 19 1 
2993 19? 3137 
193 30 12 194 3012 195 29 12 196 2950 197 2813 198 2840 
1Q9 2873 200 2711 
20 1 2634 202 2116 203 279'5 204 2570 205 2115 206 2807 207 
2725 208 7.114 0 
209 2626 2 10 2589 211 259 1 212 2591 213 2556 214 2622 
215 2544 216 24 30 
217 2476 218 2556 219 2447 220 2411 221 2511 222 2438 
223 2393 224 230 1 
261 
225 2298 226 2402 227 2347 228 2384 229 2313 230 220 1 23 1 2254 232 2279 
233 2215 
RUN NUMB ER 133 
MCBG CU XL POWER= 100 . TIME= 25 . 0 
NOP=233 THETA= 5.0 DEL THETA= 0 . 2 TWO THETA = 10.0 DEL TWO THETA= 0 .4 
1 252 2 252 3 373 4 283 5 250 6 261 7 256 8 256 
9 248 10 248 11 256 12 279 13 246 14 246 15 3 12 16 3 14 
17 304 18 295 19 294 20 294 21 38 3 22 297 23 307 24 ? 71 
25 301 26 364 27 346 28 333 29 326 30 3l7 31 341 32 450 
33 349 34 379 35 407 36 426 37 453 38 360 39 697 40 439 
41 432 42 532 43 457 44 466 45 477 46 520 47 502 48 502 
49 543 50 510 51 586 52 581 53 523 54 581 55 547 56 c; 67 
57 587 SA 585 50 533 60 572 61 630 67. 5133 63 567 64 5fl1 
65 6 42 66 664 67 822 68 573 69 598 70 6 18 71 652 72 6'59 
73 6 71 74 652 75 635 76 658 77 777 78 669 79 616 80 590 
8 1 634 82 654 83 616 84 604 85 623 86 752 87 752 88 57A 
89 622 90 608 91 634 92 601 93 590 94 6 10 95 670 96 '58? 
97 580 98 557 99 605 100 640 101 561 102 556 103 605 104 572 
105 642 106 570 107 578 108 578 109 597 11 0 55 1 111 649 Ll 2 '>R3 
113 558 114 594 115 801 11 6 579 117 604 118 559 11 9 6?9 120 54 8 
12 1 553 122 575 123 604 124 668 125 564 126 556 127 549 12A 608 
129 601 130 599 Bl 679 132 608 133 680 114 562 13'5 607 136 553 
137 588 138 594 139 578 140 596 141 628 142 595 143 597 144 596 
145 620 146 604 147 604 148 599 149 614 150 698 151 595 152 591 
15 3 595 154 618 155 817 156 639 157 626 158 615 1 '59 602 160 7?7 
161 604 162 645 163 633 164 590 165 740 166 64 1 167 641 168 697 
169 603 170 680 111 645 172 636 173 654 174 609 175 673 176 640 
177 633 178 652 179 642 180 697 181 64 9 182 596 183 647 184 61? 
185 625 186 653 187 627 188 662 189 592 190 136 191 624 192 65 1 
193 64 7 194 593 195 658 196 665 197 680 198 741 199 6 72 200 693 
20 1 617 202 636 203 680 204 699 205 719 206 63 0 207 654 208 69'5 
209 707 210 659 211 701 212 695 213 643 214 658 215 692 216 660 
21 7 701 218 624 2 19 6A9 220 702 22 1 659 222 727 223 722 224 70R 
27.5 100 226 688 227 703 228 674 229 743 230 652 23 1 110 237 0 
233 0 
RUN NUMBER 134 
RCC L IF XL POWER= 100 . TIMF = 25 . 0 
NDP= 54 THETA .. 15 . 0 OE L THETA= O. 2 TWO THETA= 40 . 0 DEL TWO THFTA= o.o 
1 3 11 2 214 3 306 4 250 5 1 <}8 6 303 1 24 1 fl 105 
9 25 7 10 267 11 354 12 75 2 13 1546 14 2307 15 3299 16 4174 
17 4576 18 4629 19 't646 20 4633 21 4145 2? 3298 21 23 35 24 
16?3 
25 822 26 371 27 314 28 256 29 257 30 223 31 ? 15 32 
277 
33 195 34 225 35 223 36 180 37 263 38 204 39 202 
40 187 
41 201 42 2 15 43 259 44 166 45 212 46 212 47 188 
4A 264 
49 254 50 ?11 51 193 52 191 53 192 54 16 3 
RUN NUMBER 135 
MC L1 F XL POWER.,. 100 . TIM E= 75 . 0 
262 
NDP=239 THETA• 5.0 OE l THETA• 0 . 2 TWO TH ETA • l Q. O OEL TWO THETA• 10 · ' 
1 278 2 l itO 3 239 4 210 5 316 6 zc;c; 1 n" 8 1 ~ 9 2it6 10 264 11 288 12 299 13 260 lit zen I 795 ) I) 
" '1 
17 413 18 lt34 19 522 20 616 21 721 27 8 ll 23 R95 74 llM 
25 1223 26 1251 27 1532 28 1500 29 1761 30 19h2 3 1 1992 l2 1080 
33 2361 34 2531 35 2701 36 281t6 37 2938 38 3164 39 )?99 ~0 
"'- ' 41 3691 42 3755 43 3714 4/t 3973 4 5 3989 46 4 110 1;1 4307 "~ 4l l)' 49 4 294 50 '+418 51 lt522 52 it570 53 '+706 54 468 1 55 4799 S6 41 1111! 
57 4831 58 .015 59 4780 60 4817 61 481 5 62 4863 63 4909 64 to 'ln 
65 4911 66 4911 67 4948 68 4798 69 47l3 10 4 793 71 4 643 n 4 6{)"1 
73 4550 74 4608 75 4681 16 47 07 71 4533 78 44 84 79 4 41 IJO 44 7'· 
Al 4561 82 4570 83 4395 84 lt41t 5 85 4460 8/t 4 39CJ 87 4 416 e.- 4 ' Ci" 
89 40 78 90 40 90 91 40 09 92 lt 01t2 <n 3820 C) It 3750 95 38<H 96 ) 79(, 
97 3617 98 3899 99 3866 100 3726 101 3582 107 311)R0 103 lidO 104 }.r, Q" 
105 3496 106 3407 107 3407 108 331t9 109 3278 11 0 3373 111 3U 7 t tl )J t, 
11 3 3136 114 3144 115 2990 1 16 3003 1.17 297 5 11 R 79H 119 ?920 170 \ 07' 
121 2843 122 2920 123 2962 124 2979 125 2885 126 1761 1?7 1720 118 },_, I 
129 2569 130 2461 131 2509 132 21t40 l H 2164 ll4 1104 115 ?106 l'lb '\l,f 
137 2 147 138 22 79 139 22 79 140 22 12 11tl 232 7 142 ? 11 8 141 7109 1'· " 20.,0 
145 2110 146 1941 lit7 1906 148 19 'H 149 187R lSO l 80f) l S l liH O 1 ~7 V tQf4 
15 3 1682 154 1693 15'5 1176 156 161. 2 157 164 1 Lt; " 111 41) 1~9 1641 I ()0 I '1? 
161 1649 162 1534 163 1528 164 1611 165 1578 l 6b 1/t4l 161 l 6 11 lit " ,,,,,. 
169 169 5 170 1606 171 1531 172 1579 113 16 12 174 tsn l 7S 111 9 l 7h I 14 t. 
177 1743 178 1702 179 1807 180 181 2 18 1 16 26 111 2 l() tl t ~ 'l I ()<1J 184 1 ~ .,0 
18 5 1617 186 162 2 187 16'57 18R 166 0 189 UH3 190 U 1S 191 1527 l 9 i' l 'i Q 
193 1573 194 1526 195 l't87 196 1477 197 1455 l9R 1)88 199 l 5 llt ?CO 14/\1 
20 l 1392 202 1486 203 1439 204 1346 20S 1394 206 tl81 ?0 1 1476 l OA 1'71 
209 138 7 2 10 1374 211 1363 2 12 lit l1 213 1365 2 14 1295 215 1234 21, l 7itP 
2 17 1360 21 8 13 11 219 135 1 220 1253 22 1 141 2 222 1366 223 13 24 124 1 H t, 
225 ll60 226 1288 227 1211 228 1491 1 29 1290 230 12A6 21 1 11 ')1 232 }}(I .., 
2 33 1258 234 1 247 2 35 1175 236 1195 231 1161 218 11 26 nq ll A 1 
RUN NUMBER 136 
HCBG LI F XL POWERs too. Tf Hf • l '; . 0 
ND P=228 THET As 5 . 0 OEL THFTA • 0 . 2 TWO THE TA • 10 . 0 OFL TWO THF T A• 0 . 4 
1 246 2 197 3 283 4 192 'j 191 
, 194 7 I BZ 8 
'"' 9 1811) 10 183 11 181 12 184 13 1R9 \ It 136 15 19 1 16 160 
17 156 18 175 19 147 20 132 21 14 2 22 156 2l 179 24 1 ""' 
25 141 26 147 27 14 3 28 175 29 158 30 222 31 14 7 '\1 17" 
33 166 34 170 35 149 36 15 1 31 2S5 38 172 39 202 40 
1~4 
41 19 2 42 176 43 18 1 44 237 45 l'tl 46 164 47 1 42 4 8 1" q 
49 176 50 206 51 186 52 172 51 175 54 172 ss 170 '56 25° 
57 192 5 8 2 15 59 202 60 187 6 1 187 6 2 225 b) 191 64 1 S6 
6 5 164 66 190 67 284 68 195 69 175 70 177 71 LA 1 1? 
1,_J 
7 3 276 74 111 75 171 76 161 71 178 78 240 79 166 
RO } P C\ 
8 1 135 82 16 3 83 236 84 156 85 16 3 86 169 87 161 
IJA 1 q 
89 253 90 15 5 91 146 92 143 93 165 94 217 95 170 
96 l AO 
97 161 98 186 99 218 100 137 101 156 102 147 10 3 l lt 8 
l O't l 't1 
190 106 158 107 140 108 223 109 168 11 0 146 Ill 131 Il l 
210 
10 5 l 5$1 u q l 21; 1?0 1S1 
113 170 114 116 115 167 116 122 117 193 11 8 141 12ft t 7• 
12 1 155 122 19 2 123 113 124 13ft 125 153 126 B9 
127 
137 130 147 131 141 132 17 8 131 129 134 152 135 
1J2 136 l M 
129 142 1ZCJ 143 11'2 \lt4 20 3 137 196 138 205 139 137 140 138 141 14 2 
152 147 166 148 182 149 11t9 150 18?. 151 16 7 
152 15,. 
14 5 151 146 
263 
153 153 154 139 155 165 156 246 157 141 158 164 159 157 160 141 
161 155 162 163 163 192 164 166 165 161 166 144 167 142 168 15? 
169 132 170 240 111 160 112 163 113 168 174 154 175 161 176 19A 
1 17 169 178 298 179 1 58 180 113 181 160 182 152 183 160 184 169 
185 193 186 148 187 267 188 144 189 197 190 203 191 136 192 168 
193 154 194 160 19 5 213 196 175 197 17 5 198 162 199 164 200 174 
20 1 159 202 22 7 203 200 204 190 205 191 206 179 201 115 208 ? Oc; 
209 232 210 183 211 163 212 185 213 177 214 182 215 230 216 111 
217 179 218 197 219 189 220 19 1 22 1 2 14 2 22 191 223 189 224 17? 
225 162 226 269 227 207 228 172 
RUN NUMBER 137 
ZERO THET A POWER= 100. TIM E= 12 . '5 
NOP=ll5 THETA= -5.0 DEL THETA= 0. 1 TWO THETA= o.o DEL TWO THETA= 0 . 0 
11 54876 2155757 3156461 41569~2 5157659 6158817 7159 193 8160 704 
916 1092 10162077 11162896 12163761 13164123 14164724 15165602 16166306 
17166576 18167133 l'H6 7632 20168237 21168704 22169292 231692 70 24 169404 
25169605 26170292 27170574 28171391 29171409 30171739 31172076 32172586 
33172974 34 173461 35173340 36173643 37173626 38174127 39174515 4 0 174987 
41174774 42175085 43174810 44175176 45175147 46175429 47175489 4J\175A56 
491 76063 50176256 51176663 52176780 53176568 54176792 55176897 561772 1 q 
571 76937 58176901 59176765 60176654 61175869 62176 1 5~ ft 3 17569 7 6417 59 14 
65i75455 66 175541 67175061 68174761 691745 26 70 174268 71174'543 7'2 17 43 4 ~ 
73173781 74113495 75173035 76173136 77172736 7 8172608 79171691 80 171 63A 
81170478 82170504 8316972 2 R4169579 851691 84 86168632 81168146 88 16 779Q 
89 167507 90 166997 91166768 92166017 9316545 6 941 64 850 95 164144 96 1t.1n 7C! 
97162919 98162110 99160862 100160271 101159269 10? 1586 97 103157749 1041 56832 
105155636 106154889 107154166 10815 3370 109152626 11 0 151798 111151004 11 2 15020~ 
113148939 114148326 115140306 
RUN NUMB ER 138 
RCCRD ? M ll fl SER I ES POWER= 200 . TIME= 25.0 
NDP= 32 THETA= 12 . 0 DEL THETA= o. s TWO THFTA= 40.0 DEL TWO THETA= o.o 
1 602 2 599 3 590 4 560 5 '565 6 c; ·H 7 516 8 53 7 
C) 538 10 565 11 563 12 609 13 629 14 644 15 650 16 66 1 
17 68Q 16 666 19 651 20 629 21 605 22 573 23 50 1 24 435 
25 449 26 394 27 400 28 369 29 363 3 0 371 31 34'5 32 370 
RUN NUMRER 139 
RCCRD 4 MI L A SERI ES POWER= 200 . TIM E= 25. 0 
NDP= 33 THETA= 12.0 DEL THETA= o.s TWO THE TA~ 40.0 DEL TWO TH ETA= 
o. o 
1 633 2 550 3 557 4 536 5 493 6 5 18 7 
505 8 4 8Q 
9 562 10 534 11 526 12 4 79 13 564 14 767 15 958 
16 1110 
17 1 227 18 1269 19 11 76 20 975 21 83 1 22 669 
23 653 24 51 5 




RUN NUMBER 140 
264 
RCCRn 6 M ll H SER IES POWER= 200 . TI,..E= 25 . 0 
NOP-= 33 TH ETA = 1 2 . 0 DEL THETA .,. 0.5 TWO THETA= 40 . 0 DEl TWO THETA= o. o 
1 527 2 508 3 461 4 487 5 510 6 44 1 1 444 8 4 31 
q 403 10 414 11 460 12 513 13 6 05 14 835 15 1195 16 1477 
17 15 29 18 1644 19 1676 20 1356 2 1 1032 27 84 2 7. 3 639 24 487 
25 414 2 6 396 27 282 28 268 29 25<J 30 24 0 3 1 233 32 2 ·n 
33 233 
RUN NUMBER 141 
RCCRO 12 Mil E SER IES POWER= 200 . Tl ~ 
NDP-: 35 THETA= 1 2. 0 DEl THETA = 0 . 5 TWO TH ETA= 40. 0 DEl TWO THET A= o.o 
1 5 71 2 536 3 476 4 540 5 515 6 f-.36 1 'i41 8 s n 
9 499 10 617 11 9 76 12 144 3 13 1935 14 2549 15 2R46 16 27Q l 
17 2439 18 2245 19 208 1 7.0 2073 2 1 2 lt 2 ?2 I 93'> n 1911 24 I 703 
25 16 4 3 2 6 1240 27 979 28 648 29 443 30 30 2 31 233 32 740 
33 233 34 240 35 233 
265 
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